University of Pennsylvania

ScholarlyCommons
Publicly Accessible Penn Dissertations
2017

A Longitudinal Study Of Maternal Style, Young Adult
Temperament And Cognition, And Program Outcome In Guide
Dogs
Emily Elizabeth Bray Cohen
University of Pennsylvania, ebray90@gmail.com

Follow this and additional works at: https://repository.upenn.edu/edissertations
Part of the Psychology Commons

Recommended Citation
Cohen, Emily Elizabeth Bray, "A Longitudinal Study Of Maternal Style, Young Adult Temperament And
Cognition, And Program Outcome In Guide Dogs" (2017). Publicly Accessible Penn Dissertations. 2235.
https://repository.upenn.edu/edissertations/2235

This paper is posted at ScholarlyCommons. https://repository.upenn.edu/edissertations/2235
For more information, please contact repository@pobox.upenn.edu.

A Longitudinal Study Of Maternal Style, Young Adult Temperament And
Cognition, And Program Outcome In Guide Dogs
Abstract
How does maternal style, experienced over the first few weeks of life, affect later outcomes? Equally
important, what is the role of an adolescent’s temperament and cognitive skills? The quest to understand
which factors early in development lead to positive life outcomes is an endeavor that transcends species
boundaries. In this dissertation, I explore the nature of these relationships using data collected from birth
to adolescence in a cohort of prospective guide dogs. In Study 1, I quantify the behavior of mothers (n =
21) toward their litters. The results revealed that canine maternal style can be summarized in one
principal component that explained a significant proportion of the variation and was stable across weeks,
variable across individuals, and related to maternal cortisol and experimental measures. In Study 2, I
examine the influence of early maternal style on later behavior, as well as on success in the guide dog
program up to two years later. I also evaluated the influence of young adult temperament and cognition
on success. Measures of maternal style as well as adolescent temperament and cognition were
significantly associated with outcome in the guide dog program, even when controlling for each other.
Successful dogs had less involved mothers as puppies, and demonstrated superior problem-solving skills,
lower levels of perseveration, and reduced anxious vocal behavior as young adults. Temperament and
cognition are frequently assessed in tasks purporting to measure one or the other, but large-scale studies
usually only include tasks assigned to either domain. Dogs in our study completed a battery of both
temperament and cognitive tasks. Thus, in Study 3, I address the categorization of ‘temperament’ and
‘cognitive’ tasks using both confirmatory and exploratory analyses and validate the findings using
subjective ratings from puppy raisers, salivary cortisol, and program outcome measures. Forcing tasks
into groups defined by cognition or temperament led to poor results, whereas a bottom-up approach
revealed that putative cognitive and temperament measures interact in unanticipated ways. Taken
together, these results suggest that mothering and the not-so-straightforward interplay of temperament
and cognition provide important clues to the future success of an animal.
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ABSTRACT

A LONGITUDINAL STUDY OF MATERNAL STYLE, YOUNG ADULT
TEMPERAMENT AND COGNITION, AND PROGRAM OUTCOME IN GUIDE
DOGS
Emily Elizabeth Bray Cohen
Robert Seyfarth
How does maternal style, experienced over the first few weeks of life, affect later
outcomes? Equally important, what is the role of an adolescent’s temperament and
cognitive skills? The quest to understand which factors early in development lead to
positive life outcomes is an endeavor that transcends species boundaries. In this
dissertation, I explore the nature of these relationships using data collected from birth to
adolescence in a cohort of prospective guide dogs. In Study 1, I quantify the behavior of
mothers (n = 21) toward their litters. The results revealed that canine maternal style can
be summarized in one principal component that explained a significant proportion of the
variation and was stable across weeks, variable across individuals, and related to maternal
cortisol and experimental measures. In Study 2, I examine the influence of early maternal
style on later behavior, as well as on success in the guide dog program up to two years
later. I also evaluated the influence of young adult temperament and cognition on
success. Measures of maternal style as well as adolescent temperament and cognition
were significantly associated with outcome in the guide dog program, even when
controlling for each other. Successful dogs had less involved mothers as puppies, and
demonstrated superior problem-solving skills, lower levels of perseveration, and reduced
vii

anxious vocal behavior as young adults. Temperament and cognition are frequently
assessed in tasks purporting to measure one or the other, but large-scale studies usually
only include tasks assigned to either domain. Dogs in our study completed a battery of
both temperament and cognitive tasks. Thus, in Study 3, I address the categorization of
‘temperament’ and ‘cognitive’ tasks using both confirmatory and exploratory analyses
and validate the findings using subjective ratings from puppy raisers, salivary cortisol,
and program outcome measures. Forcing tasks into groups defined by cognition or
temperament led to poor results, whereas a bottom-up approach revealed that putative
cognitive and temperament measures interact in unanticipated ways. Taken together,
these results suggest that mothering and the not-so-straightforward interplay of
temperament and cognition provide important clues to the future success of an animal.
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CHAPTER 1: Characterizing Early Maternal Style in a Population of Guide Dogs
This work was originally published in Frontiers in Psychology:
Bray, E. E., Sammel, M. D., Cheney, D. L., Serpell, J. A., & Seyfarth, R. M. (2017).
Characterizing early maternal style in a population of guide dogs. Frontiers in
Psychology, 8, 175. doi:10.3389/fpsyg.2017.00175
Abstract
In both humans and non-humans, differences in maternal style during the first few weeks
of life can be reliably characterized, and these differences affect offspring's temperament
and cognition in later life. Drawing on the breeding population of dogs at The Seeing
Eye, a guide dog school in Morristown, New Jersey, we conducted videotaped focal
follows on 21 mothers and their litters (n = 138 puppies) over the first 3 weeks of the
puppies' lives in an effort to characterize maternal style. We found that a mother's attitude
and actions toward her offspring varied naturally between individuals, and that these
variations could be summarized by a single principal component, which we described as
Maternal behavior. This component was stable across weeks, associated with breed, litter
size, and parity, but not redundant with these attributes. Furthermore, this component was
significantly associated with an independent experimental measure of maternal behavior,
and with maternal stress as measured by salivary cortisol. In summary, Maternal
behavior captured a significant proportion of the variation in maternal style; was stable
over time; and had both discriminant and predictive validity.
Keywords: maternal style, canine, guide dogs, nursing, licking/grooming, behavior
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Introduction

In rodents and primates, early separation from the mother has been shown to play
a negative role in offspring's later expression of emotions, as measured by task
performance and glucocorticoid receptor density (e.g., Aisa et al., 2008); later behavior,
as measured by fear conditioning (e.g., Kosten et al., 2006); and later cognition, as
measured by performance in inhibitory control tasks (e.g., Pryce et al., 2004). However,
simply having a mother present is not enough; her behavior toward her offspring also
matters. Individual differences in maternal styles are both distinguishable and important
for later outcomes. For example, in Old World monkeys, mothers naturally fall along
separate scales of infant rejection (tolerance of contact, carrying, and nursing) and
protection (levels of grooming, proximity, and tendency to limit offspring exploration;
e.g., Fairbanks, 1996; Parker and Maestripieri, 2011). In rodents, mothers vary in the
amount of licking-grooming (LG) and arched-back nursing (ABN) that they display
toward their offspring (e.g., Liu et al., 2000; Meaney, 2001; Fish et al., 2004).
Importantly, these variations in maternal style have real biological and cognitive
consequences for the offspring. Rhesus macaque offspring who face repeated rejection by
their mothers have lower levels of serotonin later in life (Parker and Maestripieri, 2011).
Rodent pups raised by high LG-ABN mothers show better spatial memory (Liu et al.,
2000) and exhibit muted stress responses when compared to offspring raised by low LGABN mothers (Francis et al., 1999). Researchers have implicated neural mechanisms
through which high levels of early maternal care, and specifically tactile stimulation,
might lead to superior spatial cognition and altered stress responses. Prominently featured
2

in most theories is the hippocampus, which is widely acknowledged to play a role in
spatial memory (e.g., Clayton and Krebs, 1994). High levels of early stimulation by the
mother are thought to lead to increased NMDA receptors, which in turn facilitate the
release of brain-derived neurotrophic factor and hippocampal synaptogenesis (e.g.,
Meaney, 2001; Fish et al., 2004). Liu et al. (2000) found significantly more NMDA
receptors in the rat offspring of high LG-ABN mothers as early as 8 days and continuing
into adulthood. Thus, it would appear that, above and beyond the presence of a mother
figure during early development, the content and quality of interaction that the mother
provides is extremely important for later outcomes.
Despite their close association with humans, comparatively little is known about
the effects of maternal style on the cognitive and emotional development of domestic
dogs (Czerwinski et al., 2016b; Serpell et al., 2016). In dogs, mothers provide care for at
least the first 5 weeks postpartum and puppies reach sexual maturity in roughly 6–12
months (Morey, 1994). This relatively abbreviated life history makes dogs an ideal
candidate in which to study the effects of maternal care. And yet surprisingly little
progress has been made in characterizing early maternal style or documenting its effects
on later offspring behavior, temperament, and outcomes. Questionnaire studies reveal
that dog breeders attach little to no importance to maternal care when considering
breeding stock (Leroy et al., 2007; Czerwinski et al., 2016a). However, as results from
the broader animal literature indicate that maternal care is extremely important,
understanding its effects in dogs specifically is crucial. Given that many working dog
organizations breed their own animals in highly controlled and supervised environments,
determining the types of maternal behaviors that lead to favorable outcomes and then
3

encouraging and selecting for those maternal styles could be a highly effective strategy
for increasing program graduation rates.
The few studies that have examined maternal care in dogs are consistent with the
results from other species. For example, when puppies weaned at 4–6 weeks were
compared with those weaned at 8–12 weeks, puppies weaned later were less prone to
behavioral problems at older ages (Fält and Wilsson, 1979; Pierantoni and Verga, 2007;
Pierantoni et al., 2011), reinforcing the view that maternal separation can have negative
effects on behavior. Similarly, using a questionnaire, Tiira and Lohi (2015) had owners
rate mothers on a scale of one (low levels of maternal interest) to seven (high levels of
interest), and found that lower levels of maternal care were linked to fear and anxiety in
offspring as adults.
In two recent studies, investigators monitored differences in mothers' natural
interactions with their puppies over the first 3 weeks of life. Foyer et al. (2016) monitored
mother-pup interactions of German Shepherd dogs bred to be military working dogs,
using five variables associated with the time that mothers spent in contact and interacting
with their puppies. These variables loaded onto one principal component, which was
associated with pup temperament at up to 18 months of age. In a similar study of beagles,
Guardini et al. (2016) used four variables to assess mother-pup behavior during a daily
15-min period for the first 3 weeks of life. Again, these variables reduced into a single
principal component reflecting amount of maternal care, which was significantly
correlated with measures of puppy temperament at 2 months.
Our goal in the current study was to categorize the variations in maternal behavior
during the first 3 weeks after birth and to use independent concurrent measures of
4

behavior and hormones to validate our observations. We hypothesized that if there are
consistent behavioral differences among mothers' interactions with their puppies, these
differences might be associated both with maternal behavior in other contexts and with
maternal cortisol levels. This method of validating a behavioral profile with behaviors
and physiological factors that were not considered when building the profile has been
used previously in studies of primates (Seyfarth et al., 2012).
Subjects were mothers and puppies bred to be guide dogs for the blind and
visually impaired. We chose this population for several reasons. First, they provided us
with a large sample of subjects that were housed and reared under controlled conditions,
allowing for systematic observations. Cooperation of The Seeing Eye® personnel gave us
access to background data on breed, age, and parity, allowed uninterrupted access to the
same dogs across a variety of ages, and permitted us to conduct targeted experiments and
standardized hormonal measurements. Finally, by around 16 months of age, the puppies
in our study entered training as Seeing Eye® dogs, a process that led to either success or
failure in the program. The problem-solving skills demanded of guide dogs are extremely
complex, with exacting temperamental as well as cognitive requirements (Johnston,
1990). Guide dogs need to be sufficiently motivated to learn and tackle tasks, but also
calm enough to rest quietly for hours at a time while their handlers are at work.
Furthermore, they must filter the sensory information they encounter, giving full
attention to relevant material (e.g., the flow of traffic) while ignoring the rest (e.g.,
passersby attempting to pet or play). They also need to differentiate among subtle
commands (e.g., “wait” [short period of time] vs. “stay” [long period of time]);
appropriately navigate environmental stimuli (e.g., escalators, revolving doors, curbs);
5

resist temptation (e.g., dropped food on a restaurant floor); and respond to unanticipated
events (e.g., an open manhole in the sidewalk, a closure along the usual route). The longterm goal of our research, therefore, was to examine possible associations between
maternal behavior, measures of temperament and cognition in young adult dogs, and
ultimate success in the Seeing Eye® program. The present paper constitutes a first step,
by characterizing variation in maternal style. In upcoming papers (Bray et al.,
unpublished data), we examine the relationship between early maternal style and
offspring performance on tests of temperament and cognition around 16 months, as well
as offspring's outcome in the Seeing Eye® program.
In Part 1 of the study, we monitored maternal interactions in 21 litters that
included three different breeds. We found that variation in seven behavioral measures
could be summarized by one principal component, called Maternal behavior. Because
breed, litter size, birth season, parity, and litter sex ratio have been identified in previous
studies as potentially affecting both maternal behavior (Guardini et al., 2015; Foyer et al.,
2016) and/or later puppy behavior (e.g., Borchelt, 1983; Wilsson and Sundgren, 1998;
van der Waaij et al., 2008; Foyer et al., 2013, 2016), we then tested for associations
between these variables and maternal style.
In Part 2, we validated our measure of maternal style by testing its association
with experimental measures of maternal preference for puppies over a human visitor.
Finally, in Part 3, we searched for associations between maternal style and
maternal stress levels before and after a brief separation from their puppies. By
describing observed maternal style and ensuring it was related to other measures within
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the same timeframe, we aim to generate data that will provide the starting point for
explicit predictions in subsequent work.

General Methods

Mothers and puppies were housed at the breeding facility at The Seeing Eye, Inc.
(Morristown, NJ, USA), a philanthropic organization that breeds, raises, and trains guide
dogs for the blind and visually impaired. Mothers and puppies were the property of The
Seeing Eye, Inc., which granted informed consent to all aspects of the study. All testing
procedures adhered to regulations set forth and approved by the University of
Pennsylvania Institutional Animal Care and Use Committee (Protocol #805210).
The mothers in the study had all spent the first year and a half of their life with
volunteer puppy-raisers where they received extensive socialization. During this time, the
dogs were provided with basic obedience training, taken on field trips, and exposed to as
many environments, people, and objects as possible. Dogs chosen to be breeders then
completed 2 months of guide dog training and were handpicked to enter the breeding
program based on their health, behavior, and genetic diversity.
At the breeding station, adult dogs were walked daily by volunteers and assigned
to a staff member who continued to train them in basic obedience and agility. They were
housed socially with one to two kennelmates in two adjoining 9′ by 10′ indoor pens, with
access to two adjoining 9′ by 12′ outside pens. Pens were arranged in a circle so that dogs
had visual access to all other pens and all humans that entered the room. About 1 week
7

prior to their whelping date, mothers were transferred from the breeding wing to the
whelping wing of the facility. Housing conditions here were similar to those in the
breeding station, except that mothers were now housed singly. The inside pen was
equipped with a round hard plastic kiddie pool (6′ diameter × 1′ tall) lined with towels,
which served as the whelping pool. Post-birth, puppies remained in the whelping pool for
the first 3 weeks. While training was discontinued for the 6 weeks that mothers spent in
the whelping wing, mothers still received daily exercise and attention from volunteers
and staff. Mothers remained in the whelping wing until their puppies were weaned at 5
weeks postpartum, at which point they returned to the breeding wing of the facility.
Mothers received food 3 times a day and water was always available. The lights were
switched on around 6:30 and turned off at 23:001.
Over the study period (February–August 2014), 23 mothers whelped at the
breeding station. Two of these mothers were excluded from the study due to atypical
circumstances: one for having only one puppy and one for being separated from her litter
over long periods prior to weaning. Thus, our final sample consisted of 21 mothers (nine
German Shepherds, eight Labrador Retrievers, and four Golden Retrievers; see Table 1)
and their litters (n = 138 puppies).

1

For additional information, see this website: http://bit.ly/2h9N3na and these informational videos:
https://www.youtube.com/watch?v=7tJeqIJbTjg and https://www.youtube.com/watch?v=iI9MW6Hw5Fk.
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Table 1. Mother and litter demographics
Age
Mother Breed
(mo)
Della
Labrador Retriever
49
Lizzie
Golden Retriever
22
Dagmar German Shepherd
46

Parity
4
1
3

Litter
size
Litter breed
6
Labrador-Golden Cross
9
Golden Retriever
8
German Shepherd

Dori

Golden Retriever

29

2

5

Labrador-Golden Cross

Lolly

German Shepherd

37

3

2

German Shepherd

Dotty

Golden Retriever

29

2

2

Labrador-Golden Cross

Onyx

Labrador Retriever

33

2

8

Labrador Retriever

Maude

Labrador Retriever

23

1

9

Labrador Retriever

Ayesha

Labrador Retriever*

32

2

10

Labrador Retriever

Foxy

German Shepherd

31

2

7

German Shepherd

Toffee

Labrador Retriever

57

5

6

Labrador Retriever

Carey

Labrador Retriever

31

2

8

Labrador Retriever

Aura

German Shepherd

42

3

7

German Shepherd

Naomi

Labrador Retriever*

40

3

8

Labrador Retriever

Omega

Golden Retriever

40

3

8

Golden Retriever

Lea

German Shepherd

49

4

6

German Shepherd

Leah

German Shepherd

37

3

5

German Shepherd

Paris

German Shepherd

26

2

4

German Shepherd

Elise

German Shepherd

23

1

9

German Shepherd

Xyris

Labrador Retriever

40

3

7

Labrador Retriever

Lisa
Mean ±
S.D.

German Shepherd

38
3
35.9 ± 2.6 ±
9.2
1.0

4
6.6 ±
2.2

German Shepherd

*These dogs are Labrador-Golden Crosses x 2, meaning their mothers were 50-50% Labrador-Golden
Crosses and their sires were 100% Labrador Retriever, making them 75% Labrador Retriever. Thus, in all
analyses, these dogs were classified as Labrador Retrievers.
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Part 1: OBSERVATIONS OF MATERNAL STYLE
Part 1 Methods
During the post-whelping period when mothers were in the same pen with their
litters, our goal was to characterize maternal style by measuring variation in behavior
across mothers. We aimed to create a maternal style profile of each mother through
intensive video observations, allowing for later comparison of these results to
experimental and endocrine measures collected in parallel.

Subjects and procedure
We monitored each of the 21 mothers' behavior for 3 weeks (days 1–21) after
birth. Three days per week, we videotaped two 10-min sessions in the morning (between
9:00 and 12:00) and two 10-min sessions in the afternoon (between 15:00 and 18:00). We
used Sony video cameras (HDR-PJ230, HDR-CX405) mounted on tripods outside of
individual pens. Video footage was stored on hard drives and later analyzed using
Datavyu (DatavyuTeam, 2014). We only recorded videos when the mother and all of her
puppies were present in the pen, all humans were absent from the pen, and the mother
was not eating. We coded a total of 6890 min of footage. Because access to monitoring
was sometimes temporarily suspended due to cleaning, kennel staff, volunteer presence,
or unforeseen circumstances (i.e., mothers whelping), the total video footage per litter
over the 3 weeks ranged from 150 to 360 min (mean = 328 min, see Table 2 for
observation time of individual mothers).
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Table 2. Mother and litter participation

Mother

Observation
time: Week
1 (minutes)

Observation Observation
time: Week time: Week
2 (minutes) 3 (minutes)

Della
Lizzie
Dagmar
Dori
Lolly
Dotty
Onyx
Maude
Ayesha
Foxy
Toffee
Carey
Aura
Naomi
Omega
Lea
Leah
Paris
Elise
Xyris
Lisa

110
110
0
120
100
100
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120

0
0
120
100
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120

40
120
90
120
120
120
80
120
120
120
80
120
120
80
120
120
120
120
120
120
120

Reaction to
human
testing
(week
observed)
3
3
2, 3
1, 2, 3
1, 2, 3
1, 2, 3
1, 2, 3
1, 2, 3
1, 2, 3
1, 2, 3
1, 2, 3
1, 2, 3
1, 2, 3
1, 2, 3
1, 2, 3
1, 2, 3
1, 2, 3
1, 2, 3
2, 3
1, 2
1, 2, 3

Maternal
cortisol
(week
collected)
NA
NA
2
1, 2
1, 2
2
1, 2
1, 2
1, 2
1, 2
1, 2
1, 2
1, 2
1, 2
1, 2
1, 2
1, 2
1, 2
1, 2
1
1, 2

Scoring
Most coded variables were chosen based on their inclusion in past studies
examining mothering in dogs (Guardini et al., 2015; Foyer et al., 2016). Moreover,
because the rodent literature has successfully tracked different nursing postures and
discovered associations with later pup behavior (e.g., Myers et al., 1989b; Liu et al.,
2000; Champagne et al., 2003) and because our own observations revealed behavioral
differences in nursing postures among the mothers, we diverged from past dog studies
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that coded nursing as a single category and instead coded distinct types of nursing. The
following seven variables were coded from video:

Time in pool: Mother’s whole body in whelping pool.
Vertical nursing per pup: Mother nursing (at least one puppy suckling) while standing or
sitting in the whelping pool, divided by the number of puppies in her litter.
Lateral nursing per pup: Mother nursing (at least one puppy suckling) while lying on her
side or back, so that part or all of her nipples were exposed, divided by the number of
puppies in her litter.
Ventral nursing per pup: Mother nursing (at least one puppy suckling) while lying on her
stomach, so that her nipples were not easily exposed to the puppies, divided by the
number of puppies in her litter.
Contact per pup: Mother lying in close proximity to one or more of her puppies so that
the puppies' bodies and/or faces were touching the mother, divided by the number of
puppies in her litter.
Licking/grooming per pup: Mother licking, grooming, and/or sniffing her puppies,
divided by the number of puppies in her litter.
Orienting out: Mother orienting/looking outside of her pen to the main area of the
pavilion. This behavior was only coded when the mother was in the whelping pool with
her puppies.

For each of these seven variables, we calculated the average duration in seconds
of the behavior during each week's observation sessions. Thus, each of the 21 mothers
ended up with one score on all seven variables from each of the 3 weeks (Table 2).
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Exceptions were Della (missing week 2), Lizzie (missing week 2), and Dagmar (missing
week 1).
Coding from video (n = 689 10-min sessions) was completed by four different
observers, with the majority (55%) coded by EB. Three other observers, each of whom
had participated in all aspects of the study, coded 15% of the videos. Inter-rater reliability
was determined by randomly selecting 15 10-min sessions for all observers to code. A
high degree of reliability was found for all variables [ICC (2,4) = 0.96–1.00 with a 95%
confidence interval from 0.89 to 1.00]. We were unable to distinguish individual puppies
from video, so our observation unit was the litter (as in Foyer et al., 2016).

Statistical analysis
All statistical analyses were carried out in R version 3.3.0 (R Development Core
Team, 2016). We first examined the raw scores on the seven behavioral variables and
tested for rank-order stability over time using Kendall's rank correlation coefficients.
To summarize variation in maternal behavior, we applied principal components
analysis (PCA) with orthogonal (varimax) rotation to the seven behavioral variables. We
first verified that there was an adequately compact pattern of correlations, indicated by
Kaiser-Meyer-Olkin (KMO) measures of sampling adequacy > 0.5, and that our variables
were sufficiently correlated, indicated by a significant Bartlett's test (p < 0.05). We
determined the number of factors to retain by using parallel analysis (Horn, 1965), fit
using the R package “paran” (Dinno, 2012), as well as the Comparison Data technique
(Ruscio and Roche, 2012). Each mother received a score on each principal component on
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weeks 1, 2, and 3. We tested for rank-order stability in principal component scores over
time using Pearson correlation coefficients.
Finally, because breed, litter size, birth season, parity, and litter sex ratio have
been identified in previous studies as potentially affecting mother and puppy behavior,
we included each of these parameters as covariates in the regression model described
below. Mother's age was not included as it was redundant with parity (r = 0.97, p <
0.001). To test for associations between these covariates and the single factor, Maternal
behavior, that best explained our data, we used a Generalized Estimating Equations
version of a general linear regression model (GEE-GLM) to estimate adjusted
associations of breed, litter size, birth season, parity, and litter sex ratio with Maternal
behavior. We used a Gaussian error distribution with litter as the unit of analysis.
Variance estimates for the statistical tests on the regression coefficients were adjusted for
clustering due to litter effects using generalized estimating equations (Liang and Zeger,
1993). All models were fit using the R package “geepack” (Halekoh et al., 2006). To
compare models, we used the R package “anova” in the “stats” package.
Part 1 Results

Stability of Maternal Behavior over Time
As in previous studies (e.g., Foyer et al., 2016), the average of all seven variables
of maternal care decreased over time. With few exceptions, the rank orders of mothers on
the different behaviors were significantly correlated (i.e., stable) from weeks 1 to 2 and 2
to 3 (Table 3).
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Table 3. Consistency of maternal behavior across weeks
Behavior
n
Time frame Kendall’s tau
Time in pool
18 Weeks 1-2
0.341*
19 Weeks 2-3
0.590***
Contact per pup
18 Weeks 1-2
0.245
19 Weeks 2-3
0.419*
Licking/grooming per
18 Weeks 1-2
0.305.
pup
19 Weeks 2-3
0.371*
Lateral nursing per pup 18 Weeks 1-2
0.322.
19 Weeks 2-3
0.430*
Ventral nursing per
18 Weeks 1-2
0.302
pup
19 Weeks 2-3
0.033
Vertical nursing per
18 Weeks 1-2
0.462*
pup
19 Weeks 2-3
0.624**
Orienting out
18 Weeks 1-2
0.541**
19 Weeks 2-3
0.274
***p < 0.001, **p < 0.01, *p < 0.05, .p < 0.10

Principal Components Analysis
A KMO test was conducted on the seven behavioral variables listed above. The
sampling adequacy for the analysis was KMO = 0.69. All KMO values for individual
variables were > 0.54, which is above the acceptable limit of 0.5 (Field et al., 2012).
Bartlett's test, χ2(21) = 221, p < 0.001, indicated that correlations between items were
sufficiently large for PCA. Furthermore, all items were correlated to at least the level of
0.49 with at least one other item, suggesting reasonable factorability. Parallel analysis
using 5000 iterations recommended retaining one principal component, as did the
Comparison Data technique. The scree plot showed inflexions that were consistent with
retaining a one-component solution. The total variance explained by this factor was 54%
(Table 4).
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Loadings of the behavioral variables onto the principal component (Maternal
behavior) suggested that mothers who scored high on this component were often present
and interactive with their puppies. They spent a considerable amount of time in the pool,
were in frequent contact with their puppies, and showed high levels of oral behavior
toward their puppies, including anogenital licking, grooming of the face and body, and
sniffing. They often nursed them from a lateral position that provided puppies with the
easiest access to their milk, but also engaged in nursing from a ventral or vertical position
that made it more labor intensive for puppies to nurse effectively. They also were often
attentive toward the main pavilion rather than toward their puppies (orienting out),
despite being in the pool with them.

Table 4. Components and loadings of the PCA over the observations of maternal
care
Observation variable
Time in pool
Contact per pup
Licking/grooming per pup
Lateral nursing per pup
Vertical nursing per pup
Ventral nursing per pup
Orienting out
Eigenvalue
Proportion of variance explained

Maternal behavior
0.72
0.9
0.72
0.84
0.54
0.63
0.74
3.78
0.54

Stability of Maternal Behavior over Time
The rank orders of scores on Maternal behavior were significantly correlated (i.e.,
stable) from weeks 1 to 2 (r = 0.82, p < 0.001) and 2 to 3 (r = 0.89, p < 0.001).
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Potential Covariates
We conducted a GEE-GLM with breed (a categorical variable), litter size (2–10),
birth season (a binary variable consisting of spring versus winter), parity (1–5), and litter
sex ratio (percent male) as the predictors and Maternal behavior as the dependent
measure (Table 5). Maternal behavior was not related to birth season or litter sex ratio.
However, Labrador Retriever mothers demonstrated significantly higher Maternal
behavior scores than German Shepherds (β = 0.56, SE = 0.19, p = 0.003). Additionally,
mothers with smaller litters had significantly higher Maternal behavior scores than
mothers with larger litters (β = −0.32, SE = 0.07, p < 0.001), and mothers who had
whelped fewer litters had significantly higher Maternal behavior scores than more
experienced mothers (β = −0.16, SE = 0.07, p = 0.02).
“Contact per pup” was the behavior that loaded most strongly onto Maternal
behavior, and it was also associated with (a) litter size: mothers with smaller litters had
more contact per pup than mothers with larger litters (β = −0.31, SE = 0.06, p < 0.001),
(b) breed: Labrador Retriever mothers had more contact per pup with their litters than
German Shepherd mothers (β = 0.56, SE = 0.15, p < 0.001), and (c) parity: mothers who
had whelped fewer litters had more contact with their pups than more experienced
mothers (β = −0.22, SE = 0.07, p < 0.001). The loading of “contact per pup” was not just
an artifact of these covariates, however, because a model that used Maternal behavior
score along with litter size, parity, and breed to predict the frequency with which a
mother lay in contact per pup was significantly better than a model that used only litter
size, parity, and breed [ANOVA model comparison, χ2(1) = 30.2, p < 0.001]. In other
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words, mothers who scored high on Maternal behavior were in contact with their puppies
more frequently than would have been expected based only on their litter size, breed, and
parity.
We therefore concluded that the principal component was not redundant with
breed, litter size, birth season, parity, or sex ratio. However, because some associations
were found with these covariates, we included them as potential confounding variables in
subsequent models.
In sum, we tracked seven maternal care behaviors of 21 mothers toward their
litters over the first 3 weeks post-whelping. The mothers' interactions were best explained
by one principal component of maternal style, which was stable over time. Maternal
behavior was not explained by birth season or sex ratio of the litter. While Maternal
behavior was associated with breed, litter size, and parity, this component still provided
additional information above and beyond that provided by those demographic variables
alone.
Table 5. Results of a GEE-GLM in which the dependent variable was Maternal
behavior
Predictor variables
Estimate SE
p-value
Intercept
2.43
0.52
<0.001***
Golden Score
-0.11
0.31
0.716
Labrador Score
0.56
0.19
0.003**
Birth season
0.35
0.28
0.215
Litter sex ratio
-0.53
0.4
0.184
Litter size
-0.32
0.07
<0.001***
Parity
-0.16
0.07
0.018*
Predictor variables were Golden score, Golden Retriever compared to German
Shepherd; Labrador score, Labrador Retriever compared to German Shepherd; birth
season, spring or winter; litter sex ratio, percent male; litter size (2-10); and parity, 1-5.
Mother ID was entered as a random effect. N = 17 mothers (week 1) and 18 mothers
(week 2). Statistical tests of significance use GEE. ***p < 0.001, **p < 0.01, *p < 0.05.
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Part 2: EXPERIMENTAL TEST OF MATERNAL STYLE
Part 2 Methods
Assuming that Maternal behavior captured individual variation in maternal style
that was consistent over time, we hypothesized that it should also be associated with
other measures of maternal behavior that were collected concurrently but were not used
to generate the principal component. To that end, we conducted a 5 min preference test
that sought to quantify a mother's attentiveness to her puppies in the face of a competing
social interest: a familiar human in the whelping pen. The design of this experiment was
meant to evoke the mothers' typical interactions with kennel staff, since staff members
entered each pen multiple times per day. The goal was, first, to place the mothers in a
situation where they would have to choose between their puppies and an inviting
distraction, and then to determine if the mothers' choices could be predicted based on
their mothering style as measured by their scores on the PC.

Subjects and Procedure. The same mothers that were observed above participated
in this experiment, conducted once a week during their first (n = 17 litters), second (n =
19 litters), and third (n = 21 litters) weeks postpartum (see Table 2).
All experiments took place between 8:45 and 18:30. When the mother was in the
pool nursing at least one puppy and no other humans were in the pavilion, the
experimenter set up the camera outside of her pen, started the camera, and left the area.
One minute later, the experimenter returned. First, she greeted the dog verbally by name
once, outside of the gate. Immediately afterwards, she opened the gate and greeted the
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dog again from inside the pen. Then for 1 min she stood in the pen, facing toward the
pool from ~2 feet away, in a relaxed posture. If the mother left the pool and interacted
with the experimenter during this time, the experimenter responded by petting and talking
to the mother. For the next minute, the experimenter sat on the ground in the same spot.
Again, the experimenter interacted with the mother if the mother approached her. Finally,
for the last minute, the experimenter remained sitting where she was but hid her face and
actively ignored the mother. After a total of 3 min had elapsed, the experimenter exited
the pen and the session ended. The experimenter was always one of three females of
similar age, with the first author (EB) playing the role of experimenter in 95% of all
sessions.

Scoring
The following three variables were coded from video:

Initial approach: Time elapsed (in seconds) between the experimenter's first greeting and
when all four of the mother's paws were outside of the whelping pool. In order to
approach the human, the mother had to stop nursing and leave her puppies. A low time
corresponded with the mother being least interested in her puppies while in the presence
of the familiar human, while a high time corresponded to the mother being most invested
in remaining with her puppies. If a mother never left her puppies over the course of the
experiment, she received the maximum score of 180 s.
Contact with human: Duration (in seconds) that the mother was outside of the pool and
sniffing or touching the experimenter with any part of her body, ranging from 0 to 168 s.
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Time with puppies: Percent of the 3 min session that the mother remained in the pool with
her puppies (all four legs in the pool) while the experimenter was in the pen, ranging
from 0 to 100%.

Each of the 21 mothers received scores on all three variables from each of the 3
weeks, with the following exceptions: Della (missing weeks 1 and 2), Lizzie (missing
weeks 1 and 2), Dagmar (missing week 1), Elise (missing week 1), and Xyris (missing
week 3; Table 2).
All coding was completed by an observer who had not participated in data
collection. To assess reliability of the video-coded measures, EB then coded 20% of
randomly selected trials. Ratings on initial approach and time with puppies were
correlated at rτ = 1 (p < 0.001), and ratings on contact with human were correlated at rτ =
0.94 (p < 0.001).

Statistical Analysis
All statistical analyses were carried out in in R (version 3.3.0, R Foundation for
Statistical Computing, R Development Core Team, 2016). The three outcome variables
were standardized using a z-score because they used different scales. Mothers received a
score on each outcome variable during weeks 1 (n = 17), 2 (n = 19), and 3 (n = 21). We
used Pearson correlation coefficients to determine how associated the outcome measures
were, and found them all highly correlated (r > 0.90). We therefore chose one and tested
for rank-order stability on that measure over time using a Pearson correlation coefficient.
We then used a GEE-GLM that included the data for each week and used litter as the unit
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of observation to test whether Maternal behavior was associated with a mother's relative
interest in her puppies, as measured by our one outcome variable. We included as
predictors an interaction, Maternal behavior by week, as well as breed, litter size, birth
season, parity, and litter sex ratio. We then used a backward-selection strategy and
retained all confounders that influenced the association of interest by at least 10%.

Part 2 Results

Outcome variables
All three outcome variables were highly correlated with one another. “Initial
approach” was correlated with “Contact with human”: r = −0.91, p < 0.001 and with
“Time with puppies”: r = 0.95, p < 0.001. “Contact with human” was correlated with
“Time with puppies”: r = −0.94, p < 0.001. In other words, mothers who were slow to
initially approach the experimenter also spent short amounts of time in contact with the
experimenter and a considerable amount of the 3 min experimental session in the pool
with their puppies. Because “Time with puppies” was the variable most highly correlated
with the other two, we used that measure as the dependent variable in subsequent
analyses.
The rank order scores of mothers on “Time with puppies” from weeks 1 to 2 were
positively associated (r = 0.28), but not significant (p = 0.30). The same pattern held true
from weeks 2 to 3 (r = 0.16, p = 0.50).
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Maternal Interest in Puppies during the Experiment
We were interested in evaluating if our PC, Maternal behavior, was associated
with this experimental measure of a mother’s relative interest in her puppies, as measured
by her “Time with puppies” score.
We used a GEE-GLM with “Time with puppies” as the dependent variable,
Maternal behavior as a predictor variable, and mother ID as a random effect. We also
included an interaction, Maternal behavior by week, to test whether the relationship
between maternal style and a mother's reaction to a human visitor changed as the puppies
got older. Finally, we included breed, litter size, birth season, parity, and litter sex ratio as
covariates. We were able to remove litter sex ratio and litter size from the final model, as
they were determined to be non-significant and non-confounding (Table 6).
The interaction was significant (β = 0.58, SE = 0.22, p < 0.01). Specifically,
during week 2, mothers' scores on Maternal Behavior predicted how much time they
spent with their puppies vs. the human (high scores predicted high preference for
puppies; Week 2 β = 0.43, SE = 0.22, p = 0.05). There was no significant association
during weeks 1 or 3 (Week 1 β = 0.05, SE = 0.13, p = 0.71; Week 3 β = −0.15, SE = 0.16,
p = 0.33).
In sum, we conducted a weekly experiment to measure mothers' attention to their
puppies in the face of a competing social interest. Mothers' responses were best
characterized by her “Time with puppies” score. Mothers who scored high on Maternal
behavior, i.e., those that regularly spent the most time in the whelping pool physically
contacting, nursing, and grooming their puppies in their daily lives, also spent the most
time with their puppies during week 2 of the experiment.
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Table 6. Results of a GEE-GLM in which the dependent variable was "Time with
Puppies"
Predictor variables
Estimate
SE
p-value
Intercept
1.89
0.34
<0.001***
Week 2
-0.94
0.24
<0.001***
Week 3
-1.16
0.29
<0.001***
Golden Score
0.02
0.31
0.937
Labrador Score
-0.33
0.22
0.136
Parity
-0.34
0.11
0.002**
Birth season
-0.58
0.27
0.013*
Interaction
0.58
0.22
0.007**
Maternal behavior x Week 1 0.05
0.13
0.71
Maternal behavior x Week 2 0.43
0.22
0.053*
Maternal behavior x Week 3 -0.15
0.16
0.334
Predictor variables were Maternal behavior; week (1, 2, and 3); Golden score, Golden
Retriever compared to German Shepherd; Labrador score, Labrador Retriever
compared to German Shepherd; parity, 1–5; and birth season, spring or winter.
Mother ID was entered as a random effect. N = 17 mothers (week 1), 19 mothers
(week 2), and 21 mothers (week 3). Statistical tests of significance use GEE.
***p < 0.001, **p < 0.01, *p < 0.05.
Part 3: SALIVARY CORTISOL REACTION TO A STRESSOR
Part 3 Methods

To test the hypothesis that our PC, Maternal behavior, was associated with a
measure of maternal stress, we compared this variable to salivary cortisol levels taken
from the mother during the first 2 weeks after birth. Cortisol was collected before each
mother experienced a brief 5 min separation from half of her litter, as well as 20 and 40
min after the separation. This scenario mimicked a potentially stressful, albeit typical
event, as staff members removed neonatal puppies individually or in small groups to
weigh them each day. This separation and the accompanying saliva collections were
conducted on 2 nights each week.
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We opted to measure cortisol from saliva because it is a noninvasive alternative to
drawing blood (Beerda et al., 1996). Saliva collection closely adhered to previously
published methods (Dreschel and Granger, 2009). While one or two experimenters held
the dog in place, the main experimenter (EB) wore latex gloves and held a Salimetrics®
Children's Swab under the dog's tongue and around the dog's cheek pouches, avoiding the
gums, for 2–6 min. The swab was gently moved and repositioned throughout sampling,
and then placed into a labeled storage tube. Past research indicates that handling of a dog
during saliva collections lasting up to 5 min does not influence the cortisol concentration
(Kobelt et al., 2003; Coppola et al., 2006), and in our own data mean cortisol levels were
not correlated with duration of collection (r = 0.002, p = 0.97).
Post-collection, all samples were either refrigerated (at 4°C) and then centrifuged,
or placed directly into the Triac™ centrifuge for 15 min at 1500x g rotation. After
centrifugation and no more than 95 min after collection, samples were stored in a freezer
(at −20°C) until 1–6 months later, when they were sent for analysis to Arizona State
University's Institute for Interdisciplinary Salivary Bioscience Research.

Subjects and Procedure
We obtained samples from mothers during their first (n = 17 mothers) and second
(n = 18 mothers) weeks post-whelping (Table 2). Thus, all mothers who participated in
the maternal separation experiment gave saliva on 4 separate days, with the exception of
Dagmar (missing week 1), Lolly (missing day 2), Dotty (missing week 1), Onyx (missing
days 2 and 4), Maude (missing day 2), Elise (missing day 4), and Xyris (missing day 2
and week 2).
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Ten minutes prior to saliva collection, water was temporarily removed from the
pen to avoid dilution of saliva. EB first collected baseline saliva between 20:00 and
21:00, ~2–3 h after the mother's evening meal, when she was in the pen with all of her
litter. Between 21:00 and 23:00, an experimenter returned and removed half of her litter
by placing them in a towel-lined tub and carrying them out of sight to the examination
room located within the pavilion. Five minutes later, the experimenter returned the
puppies to the mother. Then, 20 and 40 min after the initial removal, EB returned to
collect post-stressor saliva from the mother. After the third saliva collection, water was
returned to the mother and she received a Milk-Bone® biscuit.
Samples (N = 212, drawn from 19 dogs) were mailed on dry ice, then thawed and
assayed for salivary cortisol using an enzyme immunoassay kit at the Institute for
Interdisciplinary Salivary Bioscience Research. With the exception of one sample
assayed as a singlet, all samples were assayed in duplicate using 50 μL of saliva, and the
average of these two measures were used in subsequent analyses. The lower limit of
detection was 0.007 μg/dl, and the average coefficient of variation for the assay was
3.0%. Analysis was repeated for five samples that had a coefficient of variation >15%.

Scoring
Prior to analysis, we applied a natural log transformation to all cortisol
measurements. We also created a peak cortisol score for each mother on every collection
day. Past studies in dogs and humans suggest that there is inter-individual variation in
time to reach peak salivary cortisol levels (e.g., Beerda et al., 1996; Lopez-Duran et al.,
2009). Thus, the peak cortisol score was calculated by subtracting each mother's baseline
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pre-stressor cortisol measure from her highest post-stressor cortisol measure, taken either
20 or 40 min after the removal of her puppies.

Statistical Analysis
All statistical analyses were carried out in R (version 3.3.0, R Foundation for
Statistical Computing, R Development Core Team, 2016). We first determined the best
way to group the cortisol results by using a linear mixed model (LMM) to examine trends
over time. We then tested if the mothers' baseline stress levels were associated with
Maternal behavior by using a GEE-GLM. Finally, we tested if removing the puppies
elicited a significant stress response across mothers by conducting a paired-samples t-test
to compare the mean of the baseline scores against the mean of the peak scores. Upon
finding a significant difference, we used a GEE-GLM to test whether the mothers' stress
responses were associated with Maternal behavior. As before, we adjusted for
confounding variables by using a backward-selection strategy and retained all
confounders that influenced the association of interest by at least 10%.

Part 3 Results

Stability of Cortisol over Time
To determine if a mother's baseline cortisol levels differed by collection day, we
used a LMM with baseline cortisol as the dependent variable, day (1 through 4) as the
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predictor variable, and dog ID as a random effect. Once again, day was not significant,
indicating that mothers' baseline scores were similar across days.
We therefore created a Week 1 baseline cortisol score by taking the average
scores across days 1 and 2 and a Week 2 baseline cortisol score by taking the average
scores across days 3 and 4. For the four cases in week 1 and two cases in week 2 where a
mother had only a single baseline score, we used that score alone.
To determine if a mother's peak cortisol response differed by collection day, we
used peak cortisol score as the dependent variable, day (1 through 4) as the predictor
variable, and dog ID as a random effect. Day was again not significant, indicating that
mothers' cortisol responses were similar across all days.
This similarity in peak cortisol scores within weeks justified the creation of Week
1 and Week 2 average peak cortisol scores. For the three cases in week 1 and one case in
week 2 where a mother had only a single peak cortisol score, we used that score alone.
Baseline Maternal Stress Levels
We first asked if a mother’s baseline cortisol scores were associated with
Maternal behavior. We used a GEE-GLM with baseline cortisol score as the dependent
variable, Maternal behavior as a predictor variable, and mother ID as a random effect.
We also included an interaction of Maternal behavior by week, and breed, litter size,
birth season, parity, and litter sex ratio as covariates. The interaction was nonsignificant,
so it was dropped from the model. We were also able to exclude week, parity and litter
sex ratio from the final model (Table 7).
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We found a marginally significant main effect (β = 0.16, SE = 0.09, p = 0.06):
mothers who spent more time engaging in maternal behaviors also had higher levels of
baseline cortisol over weeks 1 and 2.

Table 7. Results of a GEE-GLM in which the dependent variable was the baseline
cortisol score
p-value
Predictor variables
Estimate SE
Intercept
-2.21
0.28 <0.001***
Maternal behavior
0.16
0.09 0.061.
Golden Score
0.20
0.30 0.498
Labrador Score
0.07
0.17 0.664
Litter Size
0.05
0.05 0.269
Birth season
0.16
0.17 0.329
Predictor variables were Maternal behavior; Golden score, Golden Retriever
compared to German Shepherd; Labrador score, Labrador Retriever compared to
German Shepherd; litter size, 2-10; and birth season, spring or winter. Mother ID was
entered as a random effect. N = 17 mothers (week 1) and 18 mothers (week 2).
Statistical tests of significance use GEE. ***p < 0.001, .p < 0.10

Maternal Response to Separation
To verify that removing half of the puppies was indeed a stressful event for
mothers, we compared the means of mothers' baseline cortisol scores to the means of
mothers' peak cortisol scores. There was a significant difference between baseline scores
(M = −1.73, SD = 0.41) and peak cortisol scores (M = 0.28, SD = 0.39); t(34) = 21.28, p <
0.001.
Next, we investigated if a mother’s anxiety when temporarily separated from half
of her litter, as measured by her peak cortisol score collected during this event, was
associated with the maternal style PC.
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We used a GEE-GLM with the peak cortisol score as the dependent variable,
Maternal behavior as a predictor variable, and mother ID as a random effect. We also
included an interaction, Maternal behavior by week, to explore whether the relationship
between a mother's investment in her puppies and her endocrine response differed from
week 1 to 2. We also included breed, litter size, birth season, parity, and litter sex ratio as
covariates, but were able to exclude parity and litter size from our final model (Table 8).
We found a significant interaction (β = −0.23, SE = 0.09, p = 0.013): mothers who spent
more time engaging in maternal behaviors tended toward higher levels of peak cortisol
over week 1 (β = 0.20, SE = 0.11, p = 0.06), but this association disappeared by week two
(β = −0.03, SE = 0.07, p = 0.68).

Table 8. Results of a GEE-GLM in which the dependent variable was the peak cortisol
score
Predictor variables
Estimate
SE
p-value
Intercept
0.00
0.17
0.991
Week
-0.02
0.14
0.900
Golden Score
0.08
0.15
0.605
Labrador Score
-0.14
0.10
0.146
Birth season
0.19
0.10
0.046*
Litter sex ration
0.49
0.24
0.041*
Interaction
0.013*
0.11
0.063.
Maternal behavior x Week 1 0.20
Maternal behavior x Week 2 -0.03
0.07
0.675
Predictor variables were Maternal behavior, week (1 or 2); Golden score, Golden
Retriever compared to German Shepherd; Labrador score, Labrador Retriever compared
to German Shepherd; litter sex ratio, percent male; and birth season, spring or winter.
Mother ID was entered as a random effect. N = 17 mothers (week 1) and 18 mothers
(week 2). Statistical tests of significance use GEE. *p < 0.05, .p < 0.10.

To test they hypothesis that differences in maternal peak cortisol response were
not simply a function of differences in maternal baseline cortisol levels, we ran the same
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full model as above but also included baseline cortisol as a predictor. Baseline was not
significant in this model, and all other findings were consistent with our previous model,
indicating that peak cortisol response was not just an artifact of baseline cortisol levels.
In sum, we measured maternal stress levels before and after a slightly stressful
event. Pre-stressor, baseline salivary cortisol of the mothers over weeks 1 and 2 was
positively associated with Maternal behavior. We also found that maternal peak salivary
cortisol, or the maximum amount that a mother's cortisol levels increased from baseline
levels following temporary puppy removal, was marginally associated with Maternal
behavior. Specifically, mothers who ranked high on contact, proximity, nursing,
grooming, and orienting out in both weeks showed the largest peaks in salivary cortisol
after being briefly separated from half of their litter.

General Discussion

Consistent with results from previous studies (Foyer et al., 2016; Guardini et al.,
2016), our observational data on seven measures of maternal style were best summarized
by one principal component, Maternal behavior. Mothers who scored high on this
component were present (often in close proximity and contact with their puppies),
interactive (engaged in high levels of licking, grooming, and lateral, ventral, and vertical
nursing), and vigilant (displayed high levels of orienting out into the main pavilion). This
PC was also associated with concurrent behavioral and stress-related measures of
mothering, results that have not been documented previously.
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We validated our approach in several ways. First, mothers were consistent in their
rank order on the PCs over time despite group-level decreases in maternal care as the
weeks progressed. This stability gave us confidence that the PC captured meaningful and
enduring individual differences. Results are also encouraging because they mirror data
from the human and non-human literature, in which studies have found stable maternal
differences over time (e.g., Berman, 1990; van IJzendoorn et al., 2000; Pittet et al., 2014).
Second, scores on PCs were not simply redundant with other measures, such as
breed, litter size, birth season, parity, or litter sex ratio. If measures of maternal style had
not provided any additional information beyond that provided by the demographic
characteristics of mothers and their litters, then the extra time spent observing the
mothers and building the profiles would not have been justified.
That being said, we did find some associations between our demographic
covariates and Maternal behavior. In line with the results of Foyer et al. (2016), we found
a significant effect of litter size, wherein females with smaller litters displayed higher
scores on Maternal behavior. This is not surprising, since it is physically difficult for a
mother of 10 to interact with each individual puppy at the same rate as a mother of two.
Furthermore, tending to larger litters is likely more demanding and exhausting,
potentially leading the mother to spend less time with them. Priestnall (1972) proposed
that these aversive factors might be the reason that mice mothers of large litters spend
less time in the nest than mothers of small litters, after finding that the difference could
not be entirely explained by unequal nutritional requirements.
We also found an effect of parity: the more experienced the mother was, the less
maternal behavior she displayed. In the only other study to examine the effect of parity
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on mother-pup interaction, Guardini et al. (2015) found that primiparous mothers
increased their quality of care over time, surpassing multiparous mothers only in week 3,
while multiparous mothers stayed relatively constant in their amount of care.
We were particularly interested in examining the effect of breed on Maternal
behavior, as past studies have limited their sample to a single breed (Foyer et al., 2016;
Guardini et al., 2016). We did find a breed difference among levels of Maternal behavior,
since Labrador Retriever mothers spent more time engaging in maternal behavior than
did German Shepherd mothers. No differences were found between Golden Retrievers
and the other breeds, a result that might have been due in part to the small sample of this
breed in our study.
In a third analysis that validated our approach, we found that the Maternal
behavior PC had predictive validity, both in an experiment designed to test temporary
maternal preference for puppies versus a familiar human, and in measures of maternal
stress. Specifically, in an experiment designed to capture maternal preferences, we found
a significant, time-dependent relationship between Maternal behavior and a mother’s
willingness or lack thereof to stay with her puppies in the presence of a familiar human, a
behavioral measure that was not incorporated into the PC. Mothers who scored high on
Maternal behavior in week 2 showed a higher motivation to remain with their puppies,
despite the presence of a human in the pen. This association was not present in the first
and third weeks. The lack of an association during week 1 might be due to a ceiling
effect: only 4 of the 17 mothers left the pool at all during the first week.
One limitation of this experimental measure is that not all dogs are equally social.
Thus, if a female is not very socially motivated, she might stay in the pool with her pups
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even if her “maternal urge” is not very strong. However, in this population, we do not
believe this concern affected our results. We found that, as expected, females who
exhibited high levels of Maternal behavior were indeed more likely to stay with their
puppies rather than visiting the human. One possible reasons is that all of the dogs at The
Seeing Eye have been bred over multiple generations for a friendly, human-oriented
demeanor, whereas much less intense directional selection has been applied to mothering
style.
In a fourth and final experimental validation of the predictive value of our
components, we found two relationships between the PC and independent physiological
measure. First, we found a marginally significant positive association between Maternal
behavior and higher baseline cortisol levels over weeks 1 and 2. This results suggests a
link between high levels of maternal care and anxiety, although it is not yet know if this
association might be detrimental to future litter outcomes. Additionally, we found an
association between Maternal behavior and a measure of maternal stress response.
Mothers who scored high on Maternal behavior in week 1 showed a larger stress
response after half of their litter was temporarily removed, suggesting that puppy removal
was particularly stressful for them. These findings are particularly interesting as past
research has mainly focused on how maternal style influences later stress responses of the
pups themselves (e.g., Francis et al., 1999; Myers et al., 1989a), and has investigated to a
lesser extent how the stress of the mother might influence her maternal style (e.g.,
Champagne and Meaney, 2006). Moreover, these topics have primarily been explored in
rodents.
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Notably, we found the strongest associations between Maternal behavior and
experimental measures of behavior and physiology during the first and second week
postpartum. This result is consistent with findings from the rodent literature where the
first week after birth seems to have a particularly important effect on subsequent
offspring behavior. In rats, for example, week 1 is the only week during which dams
differ in their amount of licking and grooming (Champagne et al., 2003).
Although this study suggests that mothering style in dogs is consistent across
weeks, we do not yet know if mothering style is consistent across litters. Data from
rodents (Champagne et al., 2003), primates (Fairbanks, 1996) and sheep (Dwyer and
Lawrence, 2000) suggest that maternal style is consistent across parturitions. It also
remains to be determined how much the surrounding environment affects mothering
profiles, as well as if and how maternal style can be manipulated to promote better
offspring behavior, temperament, and cognition. In birds (Pittet et al., 2014) and
macaques (Maestripieri, 1993), maternal style appears to be correlated with behavioral
measures of the mother thought to be associated with temperament. We do not yet know
if temperament in dogs can similarly be used to estimate maternal investment.
One surprising finding was the fact that all three nursing styles loaded onto the
same component, although lateral nursing loaded the highest (Table 4). We had initially
coded them separately because they were a striking feature of our preliminary
observations, and because studies of rodents have distinguished three types of nursing
(e.g., Myers et al., 1989b; Champagne et al., 2003). Importantly, only arched-back
nursing has been consistently associated with later positive outcomes. Rat pups raised by
high licking-grooming (LG) and arched-back nursing (ABN) mothers exhibited
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decreased startle responses and more exploratory behaviors in novel environments (e.g.,
Liu et al., 1997; Caldji et al., 1998). They also differed in measures of cognition; high
LG-ABN pups exhibited superior object recognition (Meaney, 2001; Fish et al., 2004)
and were faster and more efficient at problem-solving in a task for spatial memory (Liu et
al., 2000) when compared with low LG-ABN pups. One hypothesis argues that these
positive outcomes derive from the high levels of tactile simulation during the frequent
nipple switching that occurs specifically during arched-back nursing (Liu et al., 2000).
Arched-back nursing is also highly correlated with licking-grooming in rodents (Meaney,
2001), making it difficult to disentangle the separate effects; in fact, arched-back nursing
is rarely measured by itself. Among the dogs in our study, however, vertical nursing and
licking/grooming were only weakly correlated at 0.34. Dogs, therefore, may provide an
opportunity to examine the separate roles of arched-back nursing and licking-grooming in
affecting later behavior, as well as the effects of the three different nursing styles (Bray et
al., unpublished data).
Several important questions remain. Now that we have established a reliable
characterization of maternal behavior, we plan to test specific hypotheses about its effects
on the later behavior of puppies, as well as investigating how enduring those effects may
be. Recent studies of maternal care in dogs have found associations between higher levels
of early care and increased exploratory tendencies and lower stress responses at 8 weeks
(Guardini et al., 2016), as well as increased social engagement, physical engagement, and
aggression at 15–18 months (Foyer et al., 2016). Long-term effects of maternal care have
also been documented in primates; rhesus macaques with rejecting mothers were more
anxious at two years old (Maestripieri et al., 2006), but also more willing to initiate social
36

contact with other group members. Furthermore, Japanese macaques raised by protective
mothers were less exploratory (Bardi and Huffman, 2002). Even in our own species,
protective (DeVore and Ginsburg, 2005) and harmful (Repetti et al., 2002; Hoeve et al.,
2009) effects on later adolescent behavior can be traced, at least in part, back to parenting
style. In addition to these behavioral effects, early parental care has been linked to
morphological changes in the brain. For example, one study in humans found that having
warm, available parents at age four was correlated with hippocampal volume at age 14
(Rao et al., 2010). In addition to puppy temperament outcomes, future analyses will
explore maternal effects on later cognition and problem-solving skills, as well as the
ultimate success rates of puppies in The Seeing Eye® program.
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CHAPTER 2: Puppies that succeed as guide dogs get tough love, solve problems
quickly, and stay cool under pressure
Abstract
A continuing debate in studies of social development in both humans and other
animals is the extent to which early life experiences affect adult behavior. Also unclear
are the relative contributions of cognitive skills (‘intelligence’) and temperament for
successful outcomes. Guide dogs are particularly suited to research on these questions.
To succeed as a guide dog, individuals must accomplish complex navigation and
decision-making without succumbing to all the distractions and unforeseen obstacles that
inevitably arise. However, only 70% of dogs that enter training ultimately achieve
success. What predicts success as a guide dog? To address these questions, we followed
98 puppies from birth to adulthood. We found that high levels of overall maternal
behavior were linked with a higher likelihood of failure. Furthermore, mothers whose
nursing style required greater effort by puppies were most likely to produce successful
offspring, while those whose nursing style required less effort were more likely to
produce offspring that failed. In young adults, an inability to quickly solve a multistep
task, compounded with high levels of perseveration during the task, were associated with
failure. Young adults that were released from the program also exhibited a short latency
to vocalize when faced with a novel object task. Our results suggest that both maternal
nursing behavior and individual traits of cognition and temperament are associated with
guide dog success.

Keywords: dogs, guide dogs, maternal style, nursing, cognition, temperament, behavior
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Significance Statement
A successful guide dog must navigate a complex world, avoid distractions, and respond
adaptively to unpredictable events. What predicts success? We followed 98 puppies from
birth to adulthood. The puppies were enrolled in a training program where only 70%
achieve success as guide dogs. We found that more intense mothering early in life was
associated with failure. In addition, mothers whose nursing style required greater effort
by puppies produced more successful offspring. Among young adult dogs, poor problemsolving abilities, perseveration, and apparently greater anxiety when confronted with a
novel object were also associated with failure. Results mirror those from rodents and
humans, reaffirming the enduring effects on adult behavior of maternal style and
individual differences in temperament and cognition.
Introduction

It is often assumed that, in both human and non-human animals, variation in
cognitive abilities contributes to variation in problem-solving skills. However, there
remains little consensus about what, exactly, comprises such abilities, since performance
is affected not just by variation in general ‘intelligence’ (1) or reasoning ability (e.g., 2,
3), but also by variation in more affective attributes such as impulse control, neophobia,
motivation, and exploration (e.g., 4, 5, 6).
Similarly, the long-term effects of early life experiences remain poorly
understood. There is now considerable evidence that early exposure to stress has lasting
effects on physiology (e.g., humans: 7, 8, 9, rodents: 10, 11, rhesus macaques: 12,
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reviewed by 13). In rhesus macaques, mothering style is correlated with offspring cortisol
and serotonin (14, 15); in baboons, the male offspring of subordinate mothers exhibit
higher glucocorticoid levels than the offspring of more dominant mothers (16). In
rodents, experiences across the early weeks of life have lasting implications for later
temperament measures, such as stress reactivity and fear (17, 18), and cognitive skills,
such as spatial memory (19). Similar effects are observed in children, where negative life
events in childhood are linked to later reductions in adolescent self-control (20).
Preschoolers’ ability to delay gratification is linked to their SAT scores as teenagers (21)
and their health, socioeconomic status, and crime rates as adults (22).
Guide dogs are particularly suited to research on the long-term effects of early
experience on adult outcomes. They are housed and reared under controlled conditions
and their behavior can be assessed according to a discrete dependent measure: either
success in or release from the program. Achieving success, moreover, requires meeting
stringent temperament and cognitive requirements. Guide dogs must follow the
commands of their owners, respond appropriately to a rich array of environmental stimuli
(e.g., revolving doors; escalators), ignore their impulses (e.g., to chase a squirrel), and
react to the unexpected (e.g., barriers along their route). Indeed, many of the traits that we
value in guide dogs—attention, inhibitory control, problem solving— are also beneficial
in other species, including our own. However, only approximately 70% of dogs that enter
training ultimately succeed in the program.
In working dogs, high levels of maternal care have been linked to physical and
social engagement, more aggression, and lower levels of anxiety and fear (23-25). Young
adult temperament, measured via behavioral observations and questionnaires, also affects
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working dog success (26-31). In guide dogs specifically, successful outcomes are
associated with high levels of obedience and trainability and low levels of reactivity,
hyperactivity, aggression, and anxious behaviors, such as barking. To date, however, no
study has examined the direct effect of mother-pup interactions on outcome, nor have any
studies directly compared dogs’ performance in both cognitive and temperament tests
with their subsequent success as working dogs.
We followed a population of guide dogs from birth to adolescence, when they
entered the Seeing Eye® training program. We began by observing mothers (n =21,
Table S1) and their litters over the puppies’ first three weeks of life (32). We then tested
the same individuals on 11 cognitive and temperament tasks at 14-17 months of age (n =
98, Tables S2-S3), just after they returned from their puppy-raising families for training.
Some tests examined variables previously shown to predict adult working dog
performance: distractibility, interest in fetching, and other temperament measures (Table
S2: tasks 1, 2, 6, 8-11). Other tests examined variables presumably important for guide
dogs: temperament factors such as obedience and attentiveness to task and handler, and
cognitive factors such as lack of perseveration, problem solving, and proficiency in
navigating a detour (Table S2: tasks 3, 4, 5, 7). These skills have been linked to variation
in adult behavior among humans and other animals, but never measured in guide dogs.
By 2.5 years of age, all dogs had received an outcome: either success (placed as a
guide or breeder; n = 66; 67%) or failure (released from the program, n = 32; 33%)
(Table S3). Our overall aim was to examine the relation between dogs’ success in the
program and both their mothers’ behavior before weaning and their performance in
subsequent cognitive and temperament tests as young adults.
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Results

Maternal style. From videos of mothers and puppies, we extracted seven variables of
maternal behaviors: time spent in nursing box with puppies, contact, licking/grooming,
lateral nursing (mother lying on her side), vertical nursing (mother sitting/standing),
ventral nursing (mother lying on stomach), and orienting away from puppies. These
behaviors all loaded onto one principal component, Maternal behavior, that explained a
significant portion of the variance, remained stable over time, and was correlated with
concurrent experimental and hormonal measures of maternal care (32). Mothers that
scored high on this component were vigilant, often in proximity to their litter, and
regularly interacted with their puppies (see Supplementary Information (SI) for further
details).
Differences in Maternal behavior were associated with several measures of young
adult performance (Table S4). Dogs that experienced more maternal care were more
active when isolated (task 1b; estimate = 0.58, Wald = 6.42, p = 0.01) and quicker to
vocalize during the novel object task (task 10b; estimate = -0.65, Wald = 5.96, p = 0.02).
All other Maternal behavior effects varied by breed (SI).
Differences in Maternal behavior were also associated with outcome. We
conducted a generalized estimating equation, general linear model (GEE-GLM) with
outcome as the dependent variable, Maternal behavior as the predictor variable, and litter
ID as a random effect. Breed, birth season, maternal parity, sex of puppy, and age at
return were included as covariates. Results (Table S5) revealed a significant main effect
of Maternal behavior (Wald = 8.55, p < 0.01): puppies raised by mothers exhibiting more
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maternal behavior were more likely to be released from the program (Odds ratio (OR) =
2.92). The odds of release were 2.92 times higher with each standard deviation increase
in Maternal behavior. Birth season (Wald = 6.83, P < 0.01) and age at return (Wald =
5.96, P = 0.01) were also significant predictors: puppies born in the winter were 2.92
times more likely to be released than puppies born in the spring (OR = 2.92), and dogs’
risk of release decreased by 58% with each extra month they remained with their puppyraisers (OR = 0.42).
Mothers that gave birth in the winter tended toward higher levels of Maternal
behavior than mothers that gave birth in the spring (estimate = 0.28, Wald = 3.18, p =
0.07). This difference may have arisen because winter mothers were forced to spend
more time indoors, near their puppies, than were spring mothers (mean access to outdoor
enclosure for winter mothers = 76% of daylight hours; for spring mothers = 89%;
estimate = -0.10, Wald = 6.09, p = 0.01).
Research in other species has shown that specific maternal behaviors, particularly
nursing styles, can have long-term effects on offspring development (see Introduction),
and our Maternal behavior PC included three nursing types that loaded at varying
strengths and recalled some differences in nursing styles in other species. Therefore, we
analyzed which of the behaviors that loaded strongly onto Maternal behavior were
associated with outcome (32). We standardized each variable and entered it singly as a
predictor variable. Upon determining which variables were significantly associated with
outcome in individual models, we combined those into a single logistic regression model.
We built a GEE-GLM with outcome as the dependent variable; time in nursing box,
licking/grooming per pup, vertical nursing per pup, and ventral nursing per pup were
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entered as predictors with the same covariates as above. Litter ID was a random effect.
Results (Table S6) revealed a main effect of ventral nursing (Wald = 12.03, p < 0.001):
puppies exposed to high levels of ventral nursing were more likely to be released (OR =
5.26, odds of release 5.26 times higher). There was also a main effect of vertical nursing
(Wald = 23.62, p < 0.001), but in the opposite direction: puppies exposed to more vertical
nursing were less likely to be released (OR = 0.38, 62% lower odds of release). Finally,
both birth season (Wald = 7.70, OR = 2.92, P < 0.01) and age at return (Wald = 5.68, OR
= 0.44, P = 0.02) were significant predictors: puppies born during the winter and puppies
that returned for testing at a younger age were more likely to be released.

Young adult test performance. Dogs that returned to The Seeing Eye participated in 11
tasks of temperament and cognition as young adults (5, 6, 24, 28, 29, 33-48) (SI Methods;
Tables S2). The 11 tasks yielded scores that could be summarized by 13 principal
components and two standardized/z-scored variables (SI Methods; Table S7).
We used two overlapping datasets to test the association between young adult
performance tests and outcome (49, 50) (SI Methods). The first was the same as used
above, consisting of 98 dogs with 66 successes (67%) and 32 behavioral releases (33%)
(Table S3). To increase the power of our analyses, we included information from an
additional 32 dogs where their outcome was obtained by asking the Director of Canine
Development at The Seeing Eye to make her best guess as to whether a dog that was
released for medical reasons would have succeeded or been released based on behavioral
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criteria alone, our “imputed” dataset. This combined dataset consisted of 130 dogs with
85 successes and 45 behavioral releases.
Only three young adult test scores (Table S8, tasks 5, 10b, and 11a) had consistent
results in both datasets and were therefore selected as candidates for inclusion into a final
multivariate logistic regression model (Table S9), using only the non-imputed dataset (n
=98). The following scores were positively associated with release from the program:
slow solve times and high levels of perseveration on the multistep problem-solving task
(task 5, SI Movie S1; OR = 1.52, Wald = 3.79, p = 0.05, odds of release 1.52 times
higher) and a short latency to vocalize during the novel object task (task 10b, SI Movie
S2; OR = 0.39, Wald = 6.50, p = 0.01, odds of release 61% lower). There was also a
significant interaction between breed and reactivity in the umbrella-opening task (task
11a; OR = 0.24, Wald = 16.20, p < 0.001): Golden Retrievers that visibly reacted to the
surprising event were less likely to be released from the program (Wald = 10.00, OR =
0.37, p < 0.01, odds of release 63% lower), whereas Labrador Retrievers that reacted
strongly were more likely to be released (Wald = 3.44, OR = 1.57, p = 0.06, odds of
release 1.57 times higher). Once again, birth season was a significant independent
predictor of program outcome (Wald = 6.46, p = 0.01): dogs from litters born in the
winter were more likely to be released from the program (OR = 3.29, odds of release 3.29
time higher for winter puppies). Age at return and sex were also significant independent
predictors of outcome: dogs that returned to headquarters at younger ages had a higher
probability of being released (Wald = 5.99, p = 0.01, OR = 0.31, odds of release 69%
lower), and the risk of release was 69% lower for males than for females (Wald = 3.89, p
= 0.049, OR = 0.31).
46

Maternal style and young adult performance combined. To compare the predictive
strength of maternal style and young adult performance, we built a single model that
incorporated both classes of variables as predictors. Program outcome was the dependent
variable, and predictors were the Maternal behavior PC and the three young adult test
performances listed above. We included as covariates birth season, maternal parity, sex
of puppy, and age at return. Litter ID was entered as a random effect. Results are
summarized in Fig. 1 and Table 1.

Fig. 1. Maternal behavior score combined with young adult performance as predictors of
outcome, adjusted for breed, birth season, maternal parity, sex of puppy, and age at return
N = 98 (32 release dogs, 66 successes)
**p < 0.01, *p ≤ 0.05
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Table 1. Model exploring the combined effect of Maternal behavior and young adult performance on outcome
Predictor variables
OR
Estimate SE
Wald
p value
Maternal behavior
2.29
0.83
0.42
4.01
0.045*
Multistep problem-solving poor performance
1.54
0.43
0.21
4.06
0.044*
Novel object quiet
0.46
-0.77
0.38
4.11
0.043*
Golden score
0.55
-0.59
0.41
2.13
0.145
Labrador score
0.56
-0.58
0.45
1.63
0.202
Birth season
3.10
1.13
0.40
8.10
0.004**
Maternal parity
1.06
0.06
0.15
0.15
0.700
Sex of puppy
0.44
-0.83
0.59
2.01
0.156
Age at return
0.31
-1.18
0.43
7.67
0.006**
Interaction
0.27
-1.31
0.35
14.30
<0.001***
Umbrella-opening reactivity x German Shepherd
0.79
-0.23
0.68
0.11
0.736
Umbrella-opening reactivity x Labrador Retriever
1.70
0.53
0.24
4.89
0.027*
Umbrella-opening reactivity x Golden Retriever
0.46
-0.78
0.31
6.23
0.013*
The dependent variable was outcome in the program, 1/0 (released from program or successfully placed as guide or breeder).
Predictor variables were Maternal behavior; multistep problem-solving poor performance; long latency to vocalize when
presented with a novel object; an interaction between umbrella-opening reactivity and breed: German Shepherd, Labrador
Retriever, and Golden Retriever; Golden score, Golden Retriever compared to German Shepherd; Labrador score, Labrador
Retriever compared to German Shepherd); birth season, 1/0 (winter or spring); maternal parity, 1-5; sex of puppy, 1/0 (male
or female); and age at return, months 14-17. Litter ID was entered as a random effect. N = 98 (32 release dogs, 66
successes). Statistical tests of significance used GEE
***p < 0.001, **p < 0.01, *p ≤ 0.05
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As in earlier tests, we found a main effect of Maternal behavior (Wald = 4.01, p =
0.045), indicating that puppies raised by mothers with high scores on Maternal behavior
were more likely to be released (OR = 2.29, odds of release 2.29 times higher). We also
found an association with performance on the multistep problem-solving task (Wald =
4.06, p = 0.04), indicating that dogs that performed poorly on this task were more likely
to be released (OR = 1.54, odds of release 1.54 times higher). In addition, young adults of
all breeds that were quick to vocalize during the novel object task were more likely to be
released (Wald = 4.11, p = 0.04, odds of release 54% lower; OR = 0.46). Finally, we
again found an interaction between breed and reactivity to the umbrella-opening task
(Wald = 14.30, OR = 0.27, p < 0.001): Labrador Retrievers that showed stronger
behavioral responses had higher rates of release (Wald = 4.89, OR = 1.70, p = 0.03, odds
of release 1.70 times higher), whereas Golden Retrievers with stronger responses had
lower rates (Wald = 6.23, OR = 0.46, p = 0.01, odds of release 54% lower).
Finally, two demographic features, birth season and age at return, continued to be
important: dogs born in the winter were more likely to be released (Wald = 8.10, p =
0.004, OR = 3.10, odds of release 3.10 times higher), and dogs that returned to
headquarters at a younger age had higher rates of release (Wald = 7.67, p = 0.006, OR =
0.31, odds of release 69% lower with each additional month remaining with puppyraising family).

Ability of the models to discriminate between successful and release dogs. Several
measures of maternal behavior, as well as several measures of young adult performance,
were significantly associated with outcome. The associations remained significant even
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when the predictors were combined into a single model. To determine which combination
of measures best predicted outcome, we tested the discrimination, or performance, of
each model by calculating the Area under the curve (AUC), which quantified each
model’s ability to classify a dog correctly as an eventual release or success (higher AUCs
indicate better predictive power) (51, 52) (SI Methods). The AUCs and 95% CIs for all
models are listed in Table S10. Values for all models were above 0.5, indicating that all
combinations of maternal and young adult measures were predictive of outcome at above
chance levels (53). When we compared models, the only differences that trended toward
statistical significance arose when comparing the Maternal behavior only model with the
young adult performance only model (the latter was slightly better, Z = -2, p = 0.08) and
when comparing the Maternal behavior only model with the model that combined
Maternal behavior and young adult predictors (the combination model was slightly better,
Z = -2, p = 0.07). However, because no significant differences were detected across all of
the models tested, we concluded that both maternal style and young adult behavior are
important).
For illustrative purposes, we summarize in Fig. 2 the main effects of Maternal
behavior and young adult performance on outcome, and illustrate the likelihood of
success when dogs were ranked according to their performance on these measures.
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Fig. 2. The relation between dogs’ scores on (a) three behavioral measures and (b) their
success in the program. In (a), dogs were ranked according to their scores on the three
behavioral measures that most strongly predicted outcome (low levels of maternal
behavior, good performance on young adult multistep problem-solving, and a slow
latency to vocalize during young adult novel object) and then divided into thirds (“Top”,
n = 34; “Middle”, n = 32; and “Bottom”, n = 32) based on the sum of their ranks. (b)
depicts the same dogs’ mean percent of success in The Seeing Eye® program, calculated
by group. Error bars represent the standard error of the means.
51

Discussion

Like Foyer et al. (23) and Guardini et al. (24), we found an association between Maternal
behavior and young adult behavior in tests of temperament. However, contrary to
previous results we found that increased maternal behavior was positively associated with
undesirable anxiety-related behaviors in young adult dogs, including high activity when
isolated and a short latency to vocalize when presented with a novel object.
In all of our models, two covariates were consistently related to outcome: birth
season and the age at which dogs were returned for training. First, dogs from litters
whelped in the winter were significantly more likely to be released. One partial
explanation for this finding is that, during the winter, mother’s access to the outdoor pens
was restricted, forcing mothers to spend more time inside with their puppies and resulting
in a marginally significant increase in maternal behavior. These circumstances are
consistent with our finding that heightened levels of maternal care also lead to release.
Past studies have found that birth season affected later temperament in German
Shepherds and Labrador Retrievers (23, 54, 55), although they also suggest that factors
such as differences in temperature and daylight hours are likely influential as well.
Second, dogs that returned from their puppy-raising families at a younger age
were less likely to succeed. The effect of age at return on outcome has only been
examined in one other study, also using dogs from The Seeing Eye (56). Interestingly,
they found an opposite result, whereby entering training at a younger age was associated
with success. However, the mean age of the dogs in their sample was 17 months, and the
oldest dogs were 24 months. In contrast, the dogs in our sample ranged from 14-17
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months. Taken together, our results suggest a potential sweet spot for entering training, at
around 17 months. Given that personality traits in dogs such as calmness and boldness
have been linked to age (57), it seems possible that returning for training at a specific age
leads to better acclimation to a kennel setting. Alternatively, the accrual of more “real
world” experiences prior to training may lead to better outcomes, but only up to a point.
Future research should investigate the potential mechanisms behind this effect.
Even when controlling for the effects of these demographic variables on outcome,
behavioral differences in the mothers and puppies also had significant consequences for
success in the program.
First, variation in Maternal behavior during the second week post-partum was
significantly associated with dogs’ later success in guide dog training. Contrary to our
expectations, however, puppies that received higher levels of maternal behavior were less
likely to succeed in the program. This may not be an isolated result. Parker &
Maestripieri (58) point out that the relationship of stress to outcome has long been treated
in the literature as a linear function, in which the more early life stress an individual
faces, the worse the outcome. They argue, however, that the relationship is actually
quadratic: too much stress is certainly a bad thing, but so is too little. Rather, facing an
intermediate amount of stress in early life can have an inoculating effect on subsequent
behavior (59). Several studies support this view. While long maternal separations are
universally acknowledged to have deleterious consequences (e.g., 60, 61-63), studies in
squirrel monkeys show that repeated short-term separations give young animals a chance
to prevail over small challenges, which is adaptive over the long-term (64). These
benefits may also extend to cognitive performance and response inhibition.
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Consistent with this view, we found that high levels of ventral nursing were
associated with release, whereas high levels of vertical nursing were related to success.
These differences in nursing styles may provide different opportunities for puppies to
“prevail over small challenges” (64). When mothers nursed ventrally, while lying on their
stomachs, they were relatively immobile and their nipples were at the puppies’ face level,
making it easy for puppies to stay attached. In contrast, when mothers nursed vertically,
while sitting or standing, nursing was a more difficult, active, and effortful endeavor for
puppies. Vertical nursing in dogs is most similar to arched-back nursing in rodents, which
has been linked to positive outcomes in adulthood, including better spatial memory (19)
and lower anxiety (65). Some of these effects in rodents might be explained by the nipple
switching facilitated by arched-back nursing, which results in increased tactile
stimulation (19). Interestingly, in our population, as in rats (e.g., 66, Fig. 1), vertical
nursing was the rarest of the nursing styles. One possible explanation for our results,
therefore, is that a moderate amount of maternal care is beneficial but higher levels of
maternal care are either too stressful or not stressful enough, and thereby have a negative
effect on later performance. Perhaps in this population of dogs, where all puppies obtain
sufficient maternal care and nutrition, receiving comparatively less (or an average amount
of) maternal attention fosters resilience, whereas more maternal attention increases
vulnerability.
Some measures of temperament and problem-solving abilities were also linked to
dogs’ later success in the guide dog program. In a multistep problem-solving task, dogs
that perseverated less and were quickest to solve the problem were more likely to
succeed. This result supports our prediction that problem solving and impulse control are
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central to success. Similarly, dogs with shorter latencies to vocalize during the novel
object task—a likely sign of higher anxiety (67)—were more likely to be released. This
result is consistent with Harvey et al. (28), who found that the guide dogs predicted to be
successful had lower scores on a fear/anxiety principal component at five months of age.
The component was partially based on vocalizing during tasks.
In previous research, confidence—partially characterized by low levels of
reactivity to surprising visual stimuli—was positively associated with the probability of
success in an armed forces working dog program (68). We also found this effect in the
umbrella-opening task. Labrador Retrievers that had a strong physical reaction when an
umbrella opened unexpectedly were also more likely to be released. However, Golden
Retrievers demonstrated the opposite effect—those that had the strongest physical
reaction were less likely to be released. These findings are in line with another study
documenting temperament differences between Labrador and Golden Retrievers (69).
However, because no breed differences emerged in any of the other tasks associated with
temperament (e.g., the novel object task), the significance of the breed in this one test
remains unclear.
The combined model had a higher AUC than the Maternal behavior only model,
although the difference was only marginally significant. Taken together with the fact that
the AUCs of the maternal style, young adult performance, and combination models were
greater than chance, we can conclude that data from both the maternal environment and
young adult time period were useful in predicting program outcome.
Additionally, we now know that maternal style affects both young adult behavior
and outcome. We also know from our combination model that maternal style has a
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significant effect on outcome, even when controlling for young adult behavior. As a
result, it remains for future research to examine whether the association between maternal
behavior and program outcome is partially mediated by the association between maternal
behavior and young adult performance.
In sum, what predicts a successful guide dog? Our results support previous studies
on other animals in reaffirming the enduring benefits of maternal care—in moderate
amounts. Furthermore, they suggest that a few targeted tests associated with
temperament, perseveration, and cognition may capture individual differences in ability
that continue throughout adulthood.
Materials and Methods
Subjects (Table S1) were 21 mothers (9 German Shepherds, 8 Labrador Retrievers, and 4
Golden Retrievers) and their 21 litters (n = 138 puppies) belonging to The Seeing Eye,
Inc. (Morristown, NJ, USA), a philanthropic organization that breeds, raises, and trains
guide dogs for the blind and visually impaired. The Seeing Eye granted informed consent
to the study. All mothers lived at the breeding station, where the puppies were whelped
and weaned. The young adult testing took place at headquarters, where puppies returned
for training and placement. All testing procedures adhered to regulations set forth by the
University of Pennsylvania Institutional Animal Care and Use Committee (Protocol
#805210).
Mothers and litters were videotaped (n = 328 minutes/litter on average) over the
puppies’ first three weeks of life (32). Puppies were weaned at five weeks and then sent
at seven weeks to “puppy-raising” families who fostered, trained basic obedience, and
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exposed the puppies to a variety of experiences. Subjects returned to the Seeing Eye
between 14-17 months (n = 133) for training. Prior to their entrance into the training
program, we tested subjects individually on 11 cognitive and temperament tasks (Table
S2).
Before three years of age, all dogs were either successfully placed as a guide or
breeder or released from the program. Breeders completed two months of guide dog
training and then were selected for the breeding program based on health and behavior.
Dogs could be released at any point, although only 4% of our sample was released prior
to returning for training. The primary reasons that dogs were released were behavioral,
such as lack of confidence, excitability, and inability to focus. As we were only interested
in release for behavioral reasons, dogs released for medical reasons were excluded from
analyses (e.g., 31). Of the original 138 observed dogs, 29% (n = 40) were excluded from
analysis due to release for medical concerns (n = 27), transfer to another organization (n
= 1), or missing data on the young adult tasks (n = 12) (Table S3).

Maternal style. Complete methods used to study maternal style can be found in Bray et
al. (32) (SI Methods).

Young adult performance. All testing took place at The Seeing Eye® headquarters (SI
Methods). Each dog first completed an hour-long session involving 7 tasks (Table S2:
tasks 1-7), was given at least an hour-long break, and then completed a 30-minute second
session (Table S2: tasks 8-11). The main experimenter and dog handler were present at
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each session. These roles were always filled by two of five females of similar age, with
the first author (EB) as the main experimenter in 87% of sessions.

Data processing and statistical analysis. All statistical analyses were carried out in R
version 3.3.0 (70). To test for associations between maternal behavior, young adult test
performance, and outcome, we built logistic regression models. Variance estimates for
the statistical tests on the regression coefficients were adjusted for clustering due to litter
effects using generalized estimating equations (GEE-GLM; 71). Models were fit using
‘geepack’ in R (72). To assess the calibration of each model, we performed HosmerLemeshow (HL) goodness-of-fit tests (73). Non-significant p-values (p > 0.05) for all
models indicated there was no evidence of poor fit and therefore all models were
correctly specified. Following previous studies (e.g., 23, 32, 33), breed, birth season (1/0,
winter versus spring), maternal parity (1-5), sex of puppy (1/0, male versus female), and
age in months when the dog returned for training were included as covariates in all
models.
We first built models to examine the effect of the principal component Maternal
behavior on adolescent performance. These GEE-GLMs used a Gaussian error
distribution with litter as the unit of analysis. In addition to breed, birth season, maternal
parity, sex of puppy, and age at return, we also included litter size (2-10 puppies) as a
covariate. In this model and all following, covariates were removed using a backwardselection strategy, with the final model retaining confounders that influenced any
association of interest by greater than 15%.
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We next built models to examine how outcome was affected by Maternal
behavior, the variables that comprised Maternal behavior, performance on cognitive and
temperament tasks as a young adult, and Maternal behavior combined with young adult
performance. These GEE-GLMs were conducted with the ‘logit’ link and a binomial
error distribution. Given that birth season was a significant predictor in all models and
was temporally near to Maternal behavior, we also evaluated the relationship between
birth season and Maternal behavior (SI methods).
Finally, we evaluated the predictive ability of these models to correctly
discriminate between dogs that were successful and those that were released (SI
Methods).

Acknowledgments

Thanks to S. Bartner, L. Cohen, S. Frommer, N. Gay, A. Gersick, M. Ream, R.
Schwartz, A. Seely, and M. Torres for assistance with data collection, dog testing, and
coding. We also thank S. Hasan for his enormous help with Datavyu export code. We are
grateful to Dr. Dolores Holle for coordinating our work at The Seeing Eye, as well as the
leadership team of The Seeing Eye, Breeding Station manager Maria Hevner, and
Director of Canine Development Peggy Gibbon. Thank you as well to the breeding
station and training kennel staff for giving us access to the kennels at both the breeding
station and headquarters, and allowing us to work with their dogs. This work was
supported in part by the University of Pennsylvania Department of Psychology’s Norman
59

Anderson Graduate Student Fund, a University of Pennsylvania University Research
Fund award, the Class of 1971 Robert J. Holtz Endowed Fund for Undergraduate
Research, the University of Pennsylvania’s University Scholars program, and a National
Science Foundation Graduate Research Fellowship to EB (DGE-1321851).

Supplementary Information Methods: Text S1

Breed classifications. Puppies from cross litters (n = 31) were categorized as the breed
that contributed over 50% of their genes. If they were 50% Labrador and 50% Golden,
they were assigned their mother’s breed (Table S1). In total, we tested 51 German
Shepherds, 60 Labrador Retrievers, and 22 Golden Retrievers. However, due to
excluding dogs that were released from the program for non-behavioral reasons, our final
sample in all analyses consisted of 39 German Shepherds, 44 Labrador Retrievers, and 15
Golden Retrievers (Table S3).

Maternal behavior. Mothers were housed singly in indoor pens with access to an outdoor
area through a guillotine door, and puppies were contained in towel-lined kiddie pools
(‘nursing boxes’) over the first three weeks. We coded distinct behaviors by mothers:
time spent in nursing box with puppies, contact, licking/grooming, lateral nursing
(mother lying on her side), vertical nursing (mother sitting/standing), ventral nursing
(mother lying on her stomach), and orienting away from puppies. These behaviors all
loaded strongly onto one principal component, Maternal behavior. This component
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explained a significant portion of the variance, remained stable over time, and had
predictive validity because it was correlated with independent experimental and hormonal
measures of mothering (32). Mothers who scored high on Maternal behavior were
vigilant, often in proximity to their litter, and regularly contacted, licked, groomed, and
nursed their pups.
Additionally, three days a week, between the hours of 9:00 and 19:00 on the halfhour, we noted whether the guillotine door to the outside pen was open, giving mothers
the option to move outdoors, or closed, ensuring that mothers were in the same room as
their litter

Maternal behavior as a predictor variable. Because Maternal behavior scores were
significantly positively correlated across weeks one, two, and three (32), in all analyses
we use week two Maternal behavior scores as our predictor variable. We were unable to
observe two litters on week two, so these puppies were given the average of their
mothers’ week one and week three Maternal behavior scores. Because we could not
identify puppies individually on our videos, all littermates received the same score.

Testing after return to The Seeing Eye and after surgery. After returning to
headquarters for training, males were housed individually while females were often
housed with a same-sex kennelmate. All dogs received food twice a day (7:00 and
16:00); water was always available. The lights were switched on around 6:30 in the
morning and turned off at 18:00 at night.
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Young adult testing took place from May-October 2015. Most dogs completed
post-arrival (PA) testing two (n = 107) or three (n = 22) days after they were returned to
headquarters from their puppy-raising families. One dog was tested one day PA, two
were tested five days PA, and one was tested six days PA. The majority then completed a
second round of post-surgery (PS) testing two (n = 100) or three (n = 24) days after
undergoing anesthesia for alteration surgery and/or hip x-rays. One dog each was tested
8, 16, 21, 22, and 23 days PS, while four dogs did not undergo anesthesia at all prior to
PS testing. PS testing was identical to PA testing.
All testing occurred in an 11’ x 7’ exam room located within an unoccupied
kennel wing. Testing occurred between 7:30 and 17:30. On a testing day, each dog was
tested twice and tasks were always presented in the same order. Within a given dog’s
testing session, tasks occurred one after the other with only brief breaks for setup. Food
rewards consisted of Zuke’s® mini naturals treats. Testing sessions were videotaped
using Sony video cameras (HDR-PJ230, HDR-CX405) mounted on tripods.
The following variables were coded from video either by EB or by a research
assistant who had participated in data collection: all variables from isolation,
perseveration during multistep problem solving, all measures from novel object, and
initial response during umbrella-opening. To assess reliability of the video-coded
variables, an additional coder coded 20% of randomly selected trials. The interrater
reliability was assessed by calculating Spearman’s rho for continuous variables and
Cohen’s Kappa for categorical variables (Table S2). All other performance measures
were coded live.
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Data reduction applied to young adult cognitive and temperament tasks. To
determine which variables to include in the young adult analysis, we compared the dogs’
rankings on the 29 scores (derived from 11 tasks; Table S2) at post-arrival (PA) testing to
their rankings on these same scores at post-surgery (PS) testing by computing Kendall
rank correlation coefficients. Results revealed significant correlations (p < 0.05) for 21/29
scores, and a marginally significant correlation (p = 0.09) for 1/29 scores. Seven of 29
scores were not significantly correlated (p > 0.10). Thus, the dogs’ rank order of
performance was significantly correlated in 21 of 29 (72%) task variables. Moreover, the
lack of correlation in three scores (cylinder task and two detour problem-solving
performance measures) was most likely due to a ceiling effect on the task at the time of
the second testing. Finally, the conditions surrounding PA testing were much more
consistent across dogs than those surrounding PS testing. PA testing happened two to
three days post-arrival in 97% of subjects. PS testing happened two to three days postsurgery in 92% of subjects, but time of surgery varied by dog and ranged from one to
thirty days post-arrival. In addition, some dogs never had surgery (e.g., dogs ear-marked
for the breeding program at the time of testing (n = 15), dogs that had previously been
spayed or neutered (n = 4), or dogs that had medical issues (n = 2)) and three of the four
dogs that were previously altered did not undergo anesthesia prior to their second testing.
We therefore elected to use only results from PA (the initial) testing in subsequent
analyses. Only seven dogs (five males, two females) were altered prior to young adult
testing, so data for altered and intact dogs were not considered separately.
Using PA data only, we looked at each of the 11 tasks to determine how and/or if
each of the task variables could be summarized in one or two principal components.
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Results revealed that the 29 variables from all tasks could be summarized by 15
measures: 13 principal components using a varimax rotation and two z-scored variables
that were not appropriate for PCA due to unacceptable KMO values below 0.50 (Table
S7).
Given the modest size of our dataset, it was necessary to reduce the total number
of young adult behaviors which could be considered in a multivariate model (33). To
screen the young adult behaviors most associated with outcome in the program, we first
evaluated each task score component in a separate GEE-GLM that clustered young adult
dogs by litter as the unit of observation (Table S8). These models allowed us to evaluate
the association between individual task score and program outcome after adjustment for
important confounders (breed, birth season, maternal parity, sex of puppy, and age at
return). We did not adjust for multiple testing because we expected that our task
performance measures were correlated with one another, and especially measures which
were derived from the same task. Furthermore, our goal was prediction, so we needed to
look at each measure’s individual association with outcome in order to best select a
smaller subset to be considered jointly (34).

Maternal style methods. Mothers received a door status score over week two, which
was an average of the binary scores from each half-hour collection point throughout the
week (1/0, door to outside open versus closed). Mothers with scores closest to one were
those that had the most freedom of movement, while mothers with scores farthest from
one were more often confined to the same room as their puppies. Notably, all mothers
had outdoor access for over 60% of the day.
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Discrimination of models. To assess the discrimination of each model, we computed
the areas under a Receiver Operating Characteristic (ROC) curve using the R package
‘pROC’ (35). 95% confidence intervals (CIs) were computed using the bootstrapping
method, also in ‘pROC’ (36). We then used paired-design ‘roc.tests’ to compare the area
under the ROC curve (AUC) of the different models to one another.

Birth season association with Maternal behavior. Birth season was an independent
predictor in all of the models looking at associations with program outcome. Given its
temporal proximity to Maternal behavior, we explored the possibility that it might be
important partly for its effect on mothering style. We tested this hypothesis by running a
GEE-GLM logistic regression with a Binomial error distribution and litter as the unit of
analysis. We included Maternal behavior as the dependent variable and birth season as
the predictor. To then investigate whether more mandated time indoors with puppies was
a mechanism through which a relationship between Maternal behavior and birth season
might arise, we conducted a GEE-GLM logistic regression with door status score as the
dependent variable and birth season as the predictor.

Associations between Maternal behavior and measures of young adult test
performance in which there was an interaction between Maternal behavior and
breed. There was an interaction between breed and Maternal behavior on superior
performance during the memory problem-solving (task 4a; Wald = 4.68, p = 0.03), as
well as between breed and Maternal behavior on accuracy during this task (task 4b; Wald
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= 8.81, p 0.003): Golden Retrievers that experienced high levels of maternal care were
persistent and quick to solve the memory problem-solving task (Wald = 6.25, p = 0.01),
but they were also less accurate (Wald = 10.10, p < 0.001). We also found a significant
interaction between breed and Maternal behavior on wariness during the novel object
task (task 10a; Wald = 8.25, p = 0.004): Labrador Retrievers that experienced higher
levels of maternal care oriented toward the novel objects at high levels but were slow to
approach them (Wald = 9.16, p < 0.01). Finally, we found an interaction between breed
and Maternal behavior on recovery during umbrella-opening (task 11b; Wald = 7.57, p <
0.01): Labrador Retrievers that experienced higher levels of maternal behavior were
slower to approach the umbrella post-opening and spent less time in contact with it (Wald
= 8.51, p < 0.01).
Supplementary Information Movies: Movies S1 and S2

Movie S1. Multistep problem-solving performance of a dog who was released from the program and a dog
who was placed as a guide
Movie S1
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Movie S2. Latency to vocalize during novel object of a dog who was released from the program and a dog
who was placed as a guide
Movie S2
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Table S1. Demographics of mothers and puppies in the study
Litter Size

Pups included in
analyses

Della

6

5

Labrador Retriever

Golden Retriever

Lab-Golden Cross

50

Labrador Retriever

Lizzie

9

5

Golden Retriever

Golden Retriever

Golden Retriever

0

Golden Retriever

Dagmar

8

6

German Shepherd

German Shepherd

German Shepherd

0

German Shepherd

Dori

5

2

Golden Retriever

Labrador Retriever

Lab-Golden Cross

50

Golden Retriever

Lolly

2

0

German Shepherd

German Shepherd

German Shepherd

0

German Shepherd

Dotty

2

1

Golden Retriever

Labrador Retriever

Lab-Golden Cross

50

Golden Retriever

Onyx

8

5

Labrador Retriever

Labrador Retriever

Labrador Retriever

100

Labrador Retriever

Maude

9

5

Labrador Retriever

Labrador Retriever

Labrador Retriever

100

Labrador Retriever

Ayesha

10

7

Labrador Retriever*

Labrador Retriever

Lab-Golden Cross x3

87.5

Labrador Retriever

Foxy

7

5

German Shepherd

German Shepherd

German Shepherd

0

German Shepherd

Litter

Mother breed

Father breed

Pup Breed

% Lab

Coded Pup Breed

Toffee

6

5

Labrador Retriever

Labrador Retriever

Labrador Retriever

100

Labrador Retriever

Carey

8

5

Labrador Retriever

Labrador Retriever

Labrador Retriever

100

Labrador Retriever

Aura

7

6

German Shepherd

German Shepherd

German Shepherd

0

German Shepherd

Naomi

8

6

Labrador Retriever*

Labrador Retriever

Lab-Golden Cross x3

87.5

Labrador Retriever

Omega

8

7

Golden Retriever

Golden Retriever

Golden Retriever

0

Golden Retriever

Lea

6

6

German Shepherd

German Shepherd

German Shepherd

0

German Shepherd

Leah

5

3

German Shepherd

German Shepherd

German Shepherd

0

German Shepherd

Paris

4

2

German Shepherd

German Shepherd

German Shepherd

0

German Shepherd

Elise

9

8

German Shepherd

German Shepherd

German Shepherd

0

German Shepherd

Xyris

7

6

Labrador Retriever

Labrador Retriever

Labrador Retriever

100

Labrador Retriever

Lisa
4
3
German Shepherd
German Shepherd
German Shepherd
0
German Shepherd
*These dogs are Labrador-Golden Crosses x 2, meaning their mothers were 50%-50% Labrador-Golden Crosses and their sires were 100% Labrador Retrievers,
making them 75% Labrador Retriever. Thus, these dogs were classified as Labrador Retrievers.
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Table S2. Summary of young adult tasks that were used in analysis
Order

Task

Task Description

Variable

Type

Measure

Description

Rho

1

Isolation

The handler releases the dog
into the empty lighted testing
room, which the dog is then
free to explore for two
minutes.

Time near
exit

Duration

% Time

Dog is near the exit, in the half of the
room closest to the door

0.99

Activity
score

Count

1 to 39

How many times dog switches between
quadrants over the course of the session

0.98

Mobile

Duration

% Time

Dog is not sitting, standing, or lying in
the same spot for more than three
seconds while in view

0.97

Vocalizing

Duration

% Time

Dog is howling, barking, yelping,
whining, groaning, or play growling

0.94

Competenc
y

Duration

# of
seconds

Amount of time to come when called to
the experimenter down an empty
hallway (44’ x 4’), averaged over two
trials

Toy
Distraction

Differen
ce Score

Toy
Contact

Average

0 to 6

Average number of toy distractors that
dog contacts with any part of its body
over two trials

Food Ate

Average

0 to 3

Average number of treats that dog eats
off of the floor of the hallway over two
trials

2

Distraction

The handler walks the dog to
the end of a hallway, facing
the experimenter, and releases
the dog when the experimenter
calls. During the first two
trials, the hallway is empty.
During the last two trials, six
toys and three treat rewards
are placed in exact, alternating
locations. All trials are capped
at 2 minutes.

Amount of time to come when called
down hallway with 6 toy and 3 food
distractors minus amount of time to
come when called down empty hallway
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Kappa

3

4

Sustained
attention

Memory
problemsolving

The handler positions the dog
to face the experimenter in a
standing position. At the start
of the trial, the experimenter
says "[Dog's name], sit!" and
holds up her right arm with a
closed fist in a sit gesture, at
which point the handler drops
the leash. The trial begins
when the dogs sits, and ends
when both the dog's chest and
face is oriented away from the
experimenter. Each of two test
trials is capped at 2 minutes.
Over two stages of
familiarization trials, dogs eat
food treats directly out of food
wells, as well as by removing
plastic bones to uncover the
wells as part of the Nina
Ottosson Dog Magic game. In
the test trial, the dog watches
as the experimenter baits 4 of
the 9 wells with food and then
places plastic bones over all of
the wells. The dog is then
released and allowed 2
minutes to solve the problem
and retrieve the rewards.

Body
orient, trial
1

Duration

# of
seconds

From the time the dog sits to the time
that both the dog’s chest and face is
oriented away from the experimenter

Body
orient, trial
2

Duration

# of
seconds

Same as above, for trial 2

Face
orient, trial
1

Duration

# of
seconds

Time that dog’s face is oriented
towards the experimenter

Face
orient, trial
2

Duration

# of
seconds

Same as above, for trial 2

Solving
time

Duration

# of
seconds

Amount of time to successfully
uncover and eat all four treats

Number
correct

Count

0 to 4

Number of correct wells uncovered in 2
minutes

Accuracy
score

Differen
ce score

% correct
wells

Number of correct wells uncovered in 2
minutes minus number of incorrect
wells uncovered in 2 minutes

Persistence

Duration

% Time

Amount of time engaging with the
apparatus divided by the solving time
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5

6

Multistep
problemsolving

Cylinder

Over three stages of
familiarization trials, dogs eat
treats directly out of
uncovered wells, as well as
spinning the apparatus and
removing plastic bones to
uncover the treats as part of
the Nina Ottosson Dog
Tornado game. In the test trial,
the dog watches as the
experimenter baits a well,
twists the apparatus to cover
the baited well, and then
places a plastic bone in the
empty well next to the baited
one, thereby rendering the
apparatus unable to spin until
the bone is dislodged. The dog
is released and allowed 2
minutes to solve the problem
and retrieve the reward.

Solving
time

Duration

# of
seconds

Amount of time to successfully
uncover and eat the treat

Perseverati
on

Duration

% Time

Amount of time that the dog sniffs,
noses, paws, scratches, mouths, and/or
licks at the area of the apparatus
covering the well with the hidden treat
while the bone is still in adjacent well
(and thus blocking the rotation of the
apparatus), divided by the total amount
of time interacting with the apparatus

The dog completes
familiarization trials with an
opaque cylinder, in which she
must retrieve a food reward
from the open sides of the
apparatus without touching the
front on 4 of the last 5 trials. In
10 test trials, the dog must
solve the identical problem
except that the apparatus is a
transparent cylinder.

Test trial
score

Count

# correct

Correct if dog’s snout enters the open
end of the cylinder without the dog first
touching the exterior of the cylinder
with any part of its snout or paws;
Incorrect if dog touches the front or
back of the cylinder with its snout or
paws prior to finding the treat
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0.99

7

8

Detour
problemsolving

Greeting

The experimenter stands
directly in front of the dog
with a treat and calls her over
three warm-up trials. Then, the
handler takes the dog out of
the room and the experimenter
sets up a serpentine maze of
barriers that are 4' tall. When
the dog reenters the room, the
experimenter stands out of
view at the end of the maze
and calls her, at which point
the handler releases the dog to
solve the problem. Three test
trials are capped at 2 minutes,
and if the dog has not solved
the problem on her own by the
end of each trial, she is shown
the solution.

The dog is held on lead in the
center of the testing room. The
experimenter knocks on the
door, then enters the room
cloaked in a hooded felt cape
and standing hunched-back,
approximately 5 feet from the

Test trial 1
time

Duration

# of
seconds

Amount of time from start of trial 1 to
solving trial 1

Test trial 2
time

Duration

# of
seconds

Same as above, for trial 2

Test trial 3
time

Duration

# of
seconds

Same as above, for trial 3

Test trial
score

Rating

Latency to
approach

1

Solved one out of three trials within the
time limit

2

Solved two out of three trials within the
time limit

3

Solved three out of three trials within
the time limit

# of
seconds

Latency
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Amount of time for dog to approach the
experimenter after her entry into the
testing room, with dogs that never
approach receiving the maximum score
of 45

9

10

11

Ball play

Novel
object

Umbrella-

dog. She waits silently for 15 s
and then calls and encourages
the dog. If the dog approaches,
the experimenter pets the dog
and talks in a friendly manner.
At the end of 45s, the
experimenter removes her
cape and plays with the dog.

Interact

Duration

The experimenter throws a
round rubber KONG®
extreme ball (Medium/Large)
for 30 seconds as a warm-up,
then throws the ball and
encourages the dog to retrieve
it. She re-throws the ball as
many times as the dog brings
it back over one minute, then
repeats for a second trial.

Retrieval
score

Rating

# of
seconds

Amount of time that dog is in contact
with the experimenter throughout the
trial

1

Dog shows no interest in the ball

2

Dog runs after the ball, touches it, but
doesn’t pick it up in its mouth

3

Dog picks up the ball but doesn’t bring
it back

4

Dog retrieves the ball and brings it
back 1-2 times

5

Dog retrieves the ball and brings it
back 3 or more times

The handler releases the dog
into the empty testing room
with two motion-activated
battery-operated toy cats
(FurReal Friends Daisy PlayWith-Me-Kitty) for two
minutes.

Latency to
approach

Latency

# of
seconds

Amount of time to first approach one of
the cats within 1 foot

0.96

Orient

Duration

# of
seconds

Amount of time that dog spends with
face oriented toward a cat

0.97

Latency to
vocalize

Latency

# of
seconds

Amount of time until dog makes first
sound (howl, bark, yelp, whine, groan,
or play growl)

0.84

The handler holds the dog on
leash 64" from the

Reactivity
initial

Rating

1
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No detectable reaction (attention
orienting, such as turning head or

0.83

opening

experimenter. When the dog is
facing forward, the
experimenter pushes a button
to release an auto-open black
umbrella, then immediately
lowers it to the ground. The
dog is then allowed to explore
for 45 seconds. If the dog is
not near the umbrella after 15
s, the experimenter verbally
coaxes her, and if the dog
doesn't approach after 30
seconds, the handler will pick
up the dog's tab leash and try
to gently guide her to the
umbrella.

response

Recovery
approach

Recovery
contact

perking ears, is fine)

Rating

Duration

2

Flinch or startle without lowering of
the body (some movement, including a
small step back, is fine)

3

Crouch or ducking (downward
movement of body and/or head)
without major displacement and
maintaining general body orientation

4

Rapid avoidance response away from
stimulus (can be paired with a crouch
and/or change in general body
orientation)

1

Dog initially approaches the umbrella
within 15 seconds

2

Dog initially approaches the umbrella
within 16-30 seconds, after receiving
verbal encouragement

3

Dog initially approaches the umbrella
after 30 seconds, after being led to it on
leash

4

Dog never approaches the umbrella
over the 45 second trial, despite verbal
and physical coaxing

# of
seconds

Dog closely sniffing and/or in contact
with the umbrella

The tasks presented during young adult testing were similar to those reported in the following studies: Task 1 (24, 33, 34); Task 2 (28, 35); Task 3 (Not
previously studied); Task 4 (36); Task 5 (5, 48); Task 6 (37, 38); Task 7 (39, 40); Task 8 (41-43); Task 9 (29, 33, 41); Task 10 (6, 44, 45); Task 11 (46, 47)
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Table S3. Sample size of observed dataset
Observed dataset

n

Total included in sample

98
Placed as Guide or Breeder

66

Released from program for behavioral reasons

32

Total excluded from sample

40
Transferred to external organization
Died
Released from program for medical reasons
Missing Novel Object data due to camera malfunction
Missing Dog Tornado data due to failing to pass the warm-up trials
Missing all young adult data due to release prior to return to headquarters
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1
1
26
1
8
3

Table S4. Associations between Maternal behavior and young adult test measures.
Task #
1a

Task Description
Isolation Anxious

Estimate

1b

Isolation Active

0.58*

2

Distraction

0.07

Shepherd

Labrador

Golden

0.11

3

Sustained attention

0.12

4a

Memory problem-solving superior performance

1.55*

0.34

-0.16

1.38*

4b

Memory problem-solving accuracy

-2.27**

0.00

0.52

-1.76**

5

Multistep problem-solving poor performance

0.33

6

Cylinder

-0.07

7

Detour problem-solving poor performance

-0.08

-0.27

1.07**

-0.95.

8

Greeting

0.27

9

Ball play

0.02

10a

Novel object wary

-2.02**

10b

Novel object quiet

-0.65*

11a

Umbrella-opening reactivity

-0.18

11b
Umbrella-opening recovery
-0.18
-2.26**
1.25**
-1.00.
Estimate values are listed under each breed in the event of an interaction. Estimates that were significant at p < 0.10 or less are bolded. Predictor variables
included Maternal behavior; breed, German Shepherd, Labrador Retriever, or Golden Retriever; litter size, 2-10; birth season, 1/0 (winter or spring); maternal
parity, 1-5; sex of puppy, 1/0 (male or female); and age at return, months 14-17. Litter ID was entered as a random effect. N = 98 (32 release dogs, 66 successes).
Statistical tests of significance used GEE
***p < 0.001, **p < 0.01, *p ≤ 0.05, . p < 0.10.
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Table S5. Model exploring the association between Maternal behavior and outcome
Predictor variables

OR

Estimate

SE

Wald

p value

Maternal behavior

2.92

1.07

0.37

8.55

0.004**

Golden score

0.70

-0.35

0.25

1.92

0.166

Labrador score

0.90

-0.11

0.36

0.10

0.757

Birth season

2.92

1.07

0.41

6.83

0.009**

Maternal parity

1.13

0.12

0.08

1.89

0.170

Sex of puppy

0.37

-0.99

0.57

2.98

0.084

Age at return
0.42 -0.86
0.35 5.96
0.015*
The dependent variable was outcome in the program, 1/0 (released from program or successfully placed as guide or breeder). Predictor variables were
Maternal behavior; Golden score, Golden Retriever compared to German Shepherd; Labrador score, Labrador Retriever compared to German Shepherd; birth
season, 1/0 (winter or spring); maternal parity, 1-5; sex of puppy, 1/0 (male or female); and age at return, months 14-17. Litter ID was entered as a random
effect. N = 98 (32 release dogs, 66 successes). Statistical tests of significance used GEE
***p < 0.001, **p < 0.01, *p ≤ 0.05
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Table S6. Model exploring the association between variables comprising Maternal behavior and outcome
Predictor variables

OR

Estimate

SE

Wald

p value
<0.001***

Ventral nursing per pup

5.26

1.66

0.48

12.03

Vertical nursing per pup

0.38

-0.98

0.20

23.62

<0.001***

Licking/grooming per pup

0.68

-0.38

0.61

0.38

0.536

Golden Score

0.76

-0.28

0.53

0.27

0.60

Labrador Score

1.20

0.18

0.67

0.07

0.79

Birth season

2.92

1.07

0.38

7.70

0.006**

Maternal parity

1.38

0.32

0.17

3.65

0.056.

Sex of puppy

0.55

-0.59

0.50

1.42

0.234

Age at return
0.44 -0.82
0.35
5.68
0.017*
The dependent variable was outcome in the program, 1/0 (released from program or successfully placed as guide or breeder). Predictor variables were ventral
nursing per pup; vertical nursing per pup; licking/grooming per pup; Golden score, Golden Retriever compared to German Shepherd; Labrador score, Labrador
Retriever compared to German Shepherd; birth season, 1/0 (winter or spring); maternal parity, 1-5; sex of puppy, 1/0 (male or female); and age at return, months
14-17. Litter ID was entered as a random effect. N = 98 (32 release dogs, 66 successes). Statistical tests of significance used GEE
***p < 0.001, **p < 0.01, *p ≤ 0.05, . p < 0.10.

78

Table S7. Using PCA, where applicable, to reduce variables per task in the young adult test
Task #

Task

Measure

Type of measure

Scores into measure

1a

Isolation

Anxious

Time near exit (+), Vocalizing (+)

1b

Isolation

Active

Activity score (+), Mobile (+)

46%

0.77

2

Distraction

Distractibility

0.77

Sustained
attention
Memory
problem-solving
Memory
problem-solving
Multistep
problem-solving
Cylinder

Attentive to human

Toy distraction (+), Toy contact (+), Food
eaten (+)
Body orient trial 1 and 2 (+), Face orient trial
1 and 2 (+)
Solving time (-), Number correct (+),
Persistence (+)
Accuracy (+)

61%

3

72%

0.89

69%

0.97

31%

0.97

Solving time (+), Perseveration (+)

80%

0.89

Test trial score

NA

NA

Poor performance

0.85

73%

0.64

9

Ball play

Willingness to
interact
Retrieval score

Test trial score (-), Test trial 1 time (+), Test
trial 2 time (+), Test trial 3 time (+)
Latency to approach (-), Interact (+)

56%

8

Detour problemsolving
Greeting

Retrieval score

NA

NA

10a

Novel object

Wary

Latency to approach (+), Orient (+)

58%

0.69

10b

Novel object

Quiet

Latency to vocalize (+)

42%

0.69

11a

Umbrellaopening
Umbrellaopening

Reactivity

Principal
Component
Principal
Component
Principal
Component
Principal
Component
Principal
Component
Principal
Component
Principal
Component
Z-scored
variable
Principal
Component
Principal
Component
Z-scored
variable
Principal
Component
Principal
Component
Principal
Component
Principal
Component

Proportion
variance
Fit
explained
54%
0.77

Initial response (+)

35%

0.64

Approach (+), Contact (-)

65%

0.64

4a
4b
5
6
7

11b

Superior performance
Accuracy
Poor performance
Test trial - score

Recovery
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Table S8. Young adult testing odds ratios (OR) between score on each task and release from the program
Task
#
Task Description
Observed dataset
Imputed dataset
n
Shep Lab
Gold
n
OR
Shep Lab
Gold
OR
1a
Isolation anxious
109 0.95
1b
Isolation active
109 1.07
2
Distraction
110 0.84
3
Sustained attention
110 1.52.
4a
Memory problem-solving
superior performance
105 1.46
4b
Memory problem-solving
125 1.20
accuracy
105 2.05**
5
Multistep problem-solving poor
performance
100 1.67**
120 1.46.
6
Cylinder
108 0.75
7
Detour problem-solving poor
performance
110 0.15
130
8
Greeting
110 0.93
9
Ball play
110 9.58*
0.60
1.19
11.47*
130 1.80*
0.65 0.77
1.39
10a
Novel object wary
109 1.51
10b
Novel object quiet
109 0.55*
129 0.61*
11a
Umbrella-opening reactivity
110 0.33*
0.81
1.21 0.40*
130 0.26*
0.78 1.55.
0.41.
11b
Umbrella-opening recovery
110 1.17
Shep = Shepherd; Lab = Labrador Retriever; Gold = Golden Retriever. OR values are listed under each breed in the event of an interaction.
In the observed dataset, OR values that were significant at p < 0.05 or less are bolded. In the imputed dataset, OR values that were significant at p < 0.10 or less
are bolded. Predictor variables included each task score, respectively; breed, German Shepherd, Labrador Retriever, or Golden Retriever; birth season, 1/0
(winter or spring); maternal parity, 1-5; sex of puppy, 1/0 (male or female); and age at return, months 14-17. Litter ID was entered as a random effect. Statistical
tests of significance used GEE
** p < 0.01, * p ≤ 0.05, . p < 0.10
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Table S9. Model exploring the association between young adult test performance and outcome
Predictor variables

OR

Estimate

SE

Wald

p value

Multistep problem-solving poor performance

1.52

0.42

0.22

3.79

0.052*

Novel object quiet

0.39

-0.94

0.37

6.50

0.011*

Golden score

0.37

-0.99

0.38

6.71

0.010**

Labrador score

0.70

-0.35

0.44

0.64

0.425

Birth season

3.29

1.19

0.47

6.46

0.011*

Maternal parity

1.11

0.10

0.14

0.51

0.476

Sex of puppy

0.31

-1.18

0.60

3.89

0.049*

Age at return

0.31

-1.17

0.48

5.99

0.014*

Interaction

0.24

-1.44

0.36

16.20

<0.001***

Umbrella-opening reactivity x German Shepherd

0.92

-0.08

0.61

0.02

0.895

Umbrella-opening reactivity x Labrador Retriever

1.57

0.45

0.24

3.44

0.064.

Umbrella-opening reactivity x Golden Retriever
0.37
-1.00
0.32
10.00
0.002**
The dependent variable was outcome in the program, 1/0 (released from program or successfully placed as guide or
breeder). Predictor variables were multistep problem-solving poor performance; long latency to vocalize when presented
with a novel object; an interaction between umbrella-opening reactivity and breed (German Shepherd, Labrador Retriever,
and Golden Retriever); Golden score, Golden Retriever compared to German Shepherd; Labrador score, Labrador Retriever
compared to German Shepherd; birth season, 1/0 (winter or spring); maternal parity, 1-5; sex of puppy, 1/0 (male or
female); and age at return, months 14-17. Litter ID was entered as a random effect. N = 98 (32 release dogs, 66 successes).
Statistical tests of significance used GEE
***p < 0.001, **p < 0.01, *p ≤ 0.05, . p < 0.10.
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Table S10. AUCs and 95% CIs for three separate models
Predictors

AUC

95% CI

Maternal behavior PC
Young adult performance
Maternal behavior PC and Young adult combined

0.695
0.767
0.767

[0.585, 0.799]
[0.661, 0.860]
[0.659, 0.861]

The 95% confidence intervals were calculated using a bootstrapping method.
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CHAPTER 3: Temperament and cognition in a population of adolescent guide dogs
Abstract
It is often assumed that measures of temperament within individuals are more correlated
to one another than to measures of cognition. However, the exact relationship between
temperament and problem-solving tasks remains unclear because large-scale studies have
typically focused on each independently. To explore this relationship, we tested 119
prospective adolescent guide dogs on a battery of 11 temperament and cognitive tasks.
We then summarized the data using both confirmatory factor analysis and exploratory
principal components analysis. Results of confirmatory analysis revealed that a priori
separation of tests as measuring either temperament or cognition led to weak results, poor
model fit, some construct validity, and no predictive validity (i.e., association with
success in the guide dog training program). In contrast, results of exploratory analysis
were best summarized by principal components that mixed temperament and cognitive
traits. These components had both construct and predictive validity. We conclude that
there is complex interplay between tasks of ‘temperament’ and ‘cognition,’ and that the
study of both together will be more informative than approaches that consider either in
isolation.

Keywords: Temperament, cognition, problem solving, behavior, canine, guide dogs
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Introduction

Temperament and cognition are often regarded as distinct phenomena. Although
each is difficult to define, temperament is usually associated with affect, or “the
probability of experiencing and expressing the primary emotions and arousal” (Goldsmith
et al., 1987, p. 510). It is presumed to be genetically based and present from a young age.
An animal’s temperament is generally considered to affect performance in tasks that are
emotionally charged and/or occur in unfamiliar situations. In practice, temperament is
often measured by gauging the animal’s reaction to startling events (e.g., King et al.,
2003) or willingness to engage with novel environments (e.g., Brown et al., 2005;
Greenberg, 1984). Cognition, in contrast, is typically associated with “all processes
involved in acquiring, storing, and using information from the environment”
(Shettleworth, 2013, p. 1). Cognition is thought to influence performance in tasks that
require behavioral flexibility, innovation, and insight, including novel tool use (e.g.,
Taylor et al., 2010), decision making (e.g., Dill, 1987), problem solving (e.g., BensonAmram et al., 2016), and inhibitory control (e.g., MacLean et al., 2014). If temperament
and cognition truly correspond to distinct mental processes, we might expect an
individual’s performance on a task purporting to test temperament to be more similar to
other tasks ostensibly drawing on this same ability than to tasks such as problem solving.
However, challenges to such a strict dichotomy date to at least Pavlov, who
proposed that aspects of temperament, or “types of nervous systems”, were determinants
of cognition, as measured by individual differences in the speed of acquisition of classical
conditioning (Carere & Locurto, 2011; Strelau, 1997). More recent work supports the
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connection between temperament and cognitive skills (Guillette et al., 2017; Rowe &
Healy, 2014). For example, several studies of innovative problem solving—a putative
cognitive skill (Morand-Ferron et al., 2015; Reader, 2003)—suggest that certain
attributes associated with temperament (e.g., neophobia, exploration) play a nontrivial
role in affecting animals’ success (Auersperg et al., 2011; Benson-Amram & Holekamp,
2012; Overington et al., 2011; Webster & Lefebvre, 2001). Supporting this view, pointfollowing in domesticated foxes is affected by selection for temperament traits (e.g.,
willingness to approach a human) (Hare et al., 2005), and dogs’ performance on a detour
task involving inhibitory control varies based on temperament (Bray et al., 2015).
Large-scale studies purporting to measure cognitive performance across species
have typically not attempted to account for the possible contributions of temperament.
For example, several studies have attempted to measure the relationship between brain
size and putative cognitive skills in different species of birds (response to novel
environments: Sol et al., 2005), carnivores (problem solving: Benson-Amram et al.,
2016), and both birds and mammals (self-control: MacLean et al., 2014). None, however,
included analyses about the possible contributions of attributes like motivation and
neophobia to performance. Similarly, Svartberg & Forkman (2002) conducted a
behavioral study of temperament in over 15,000 dogs, but did not collect measures on
problem solving within the same animals. While each of these studies is useful in its own
right, there has been a lack of large-scale empirical studies in which animals are given
multiple behavioral tasks designed to measure both what we might call temperament and
cognition (Carere & Locurto, 2011; Griffin et al., 2015). It seems apparent both that
temperament and cognition refer to functionally distinct domains, and also that they
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interact: however, the degree to which temperament and cognition depend upon one
another remains an open question.
For theoretical and practical reasons, dogs are an ideal species in which to study
the intersection of these two domains. The utility of dogs in herding, hunting, detecting,
serving, and guiding depends on specific behaviors and skills (Hart & Yamamoto, 2017;
Lord et al., 2017). Many studies have explored cognition in dogs (e.g., Kaminski &
Marshall-Pescini, 2014; Miklósi, 2015) and temperament (e.g., Riemer et al., 2016;
Serpell & Hsu, 2001), although rarely in the same study. Finally, caretakers are willing to
fill out surveys (Hsu & Serpell, 2003) and offer their animals for behavioral testing (e.g.,
Riemer et al., 2014).
Here, we subjected a large sample of prospective adolescent guide dogs to a
battery of tasks. Some tasks were designed to elicit responses that we assumed, based on
past literature and intuition, would be primarily affected by measures of temperament,
such as boldness, reactivity, neophobia, distraction, and fearfulness. Others, we assumed,
would elicit responses influenced mainly by problem-solving skills, such as impulse
control2, innovation, and behavioral flexibility. We also measured three dependent
variables in order to validate our behaviorally-derived factors: subjective assessments of
behavior as measured by questionnaires, a physiological measure of stress as measured
by salivary cortisol, and success as measured by outcome in the guide dog training
program.
2

Perhaps speaking to the inherent difficulty in separating temperament and cognition, impulse control is
sometimes grouped in the ‘temperament’ category within the human literature (e.g., Duckworth & Allred,
2012), although acknowledged to relate to executive control. However, we adhered to the convention in the
animal literature, where it is considered a ‘cognitive’ ability (e.g., Amici et al., 2008; MacLean et al.,
2014).

86

We started by applying confirmatory factor analysis to model the data, permitting
us to identify a priori which tasks would load onto two separate factors, named Cognition
and Temperament. When this analysis yielded poor results, we next applied exploratory
principal components analysis. This is a data-driven approach in which variables load
onto factors based on patterns of correlation within the data without any a priori
framework (e.g., Musek, 2007). Using these alternative approaches allowed us to ask
which mode of analysis best fit our data, and which led to factors that were most valid, as
assessed through construct and predictive validity.
We assessed construct validity—i.e. that we were measuring what we intended
to—in two different ways. First, we tested whether our behavior-based factors were
associated with subjective ratings of similar constructs obtained from puppy-raiser
questionnaires. Subjective human ratings have successfully predicted the behavior that
they are intended to capture in studies of dogs (Barnard et al., 2016; Gosling et al., 2003;
Svartberg, 2005; although see Brucks et al., 2017; Foyer et al., 2014) and other animals
(e.g., rhesus macaques: Bolig et al., 1992; baboons: Carter et al., 2012a; gray langurs:
Konečná et al., 2008; and horses: Lloyd et al., 2007).
As a second measure of construct validity, we tested whether our behavior-based
factors were associated with a physiological measure known to vary across individuals: in
this case, cortisol. Cortisol concentration in dogs reflects HPA axis activity and is related
to other measures of stress-related behaviors (Beerda et al., 1999; Carrier et al., 2013;
Dreschel & Granger, 2005; Hydbring-Sandberg et al., 2004). Several studies have
examined the association between cortisol levels and canine temperament, with varying
results (Batt et al., 2009; Carrier et al., 2013; De Palma et al., 2005; Hennessy et al.,
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2001). In other species, cortisol has been specifically linked to measures of temperament:
high levels are associated with excitability in cattle (Burdick et al., 2011; Curley et al.,
2006) and fearfulness in primates (Buss et al., 2003; Kalin et al., 1998).
Finally, we tested whether our factors had predictive validity by examining
associations between them and later success in the guide dog program. Past studies of
working dogs have implicated measures of temperament in successful completion of
training (Duffy & Serpell, 2012; Harvey et al., 2016; McGarrity et al., 2016; Sinn et al.,
2010). One study has also found a measure of problem solving to be predictive (Bray et
al., submitted).
On the assumption that measures of temperament and cognition are separable
through behavioral testing, we predicted that the confirmatory approach would produce
two factors that fit the data well and had strong construct and predictive validity.
Specifically, we expected the ‘temperament’ factor to correspond with ratings of
excitability, nonsocial fear, and separation-related behaviors, and the ‘cognitive’ factor to
correspond with ratings of trainability and impulsivity. We hypothesized that salivary
cortisol levels would be associated with the ‘temperament’ factor, and that both factors
should be associated with success in the program. Under the same assumption, we
predicted that the exploratory approach would reveal similar results, with temperament
tasks loading only onto factors with other temperament tasks, and the same with
cognitive tasks.
However, if aspects of temperament and cognition are more deeply intertwined,
then the confirmatory approach should fit poorly, lack associations with previous
measures, and fail to be associated with outcome. Additionally, the exploratory approach
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should reveal factors that do not sort easily into putative temperament and cognitive
categories, but instead reflect a combination of each. Furthermore, these components
should correspond to questionnaire and biological (stress-related) measures of
temperament and cognition. They should also be associated with outcome in the program.

General Methods

Subjects. Subjects were the same as those described in Bray et al. (submitted).
Participating dogs were recruited through The Seeing Eye, Inc. (Morristown, NJ, USA), a
philanthropic non-profit organization that breeds, raises, and trains guide dogs for the
blind and visually impaired. The Seeing Eye granted informed consent to all aspects of
the study. All dogs were whelped at the breeding station, weaned at five weeks, and then
sent to volunteer puppy raisers at seven weeks. These families were responsible for basic
obedience training, taking their puppies to regular meetings with families and dogs in the
same geographic region, and exposing their puppies to a wide array of people, animals,
locations, and experiences. Between 14 and 17 months, dogs were recalled to
headquarters to begin professional training. All testing procedures adhered to regulations
set forth by the University of Pennsylvania Institutional Animal Care and Use Committee
(Protocol #805210).
We tested 133 young adult dogs from May-October of 2015. However, 14 dogs
had to be excluded for missing test scores on at least one task due to video malfunction (n
= 2) or failure to complete warm-up trials on the memory problem-solving, multistep
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problem-solving, and/or cylinder tasks (n = 12). The 26 dogs that were Lab-Golden
crosses were assigned to the breed that contributed over 50% of their genes if applicable,
and in all other cases to the breed of their mother. Thus, our final sample consisted of 119
dogs (46 German Shepherds, 55 Labrador Retrievers, and 18 Golden Retrievers) from 21
different litters (Table S1).

Questionnaires. Puppy raisers filled out two online questionnaires when the dogs were
approximately one year old and had not yet returned to headquarters. They first
completed the Canine Behavioral Assessment and Research Questionnaire (C-BARQ©),
a behavioral survey designed and validated by Hsu & Serpell (2003) (Appendix A). CBARQ data were obtained for 114 of the 119 dogs that went on to complete young adult
testing (Table S1).
Puppy raisers also completed a 13-item Attention Deficit Hyperactivity Disorder
(ADHD) rating scale (RS), modified from a human questionnaire (DuPaul et al., 1998)
and applied to and validated in dogs (Lit et al., 2010; Vas et al., 2007; Wan et al., 2013)
(Appendix B). Puppy raisers read phrases such as “(S)he is quick to break his/her ‘rest’
command” and “(S)he follows simple commands easily, such as ‘sit’, but (s)he often has
difficulties with more complicated commands, such as ‘go to your place,’ even if (s)he
knows them and has practiced them often”. They were then asked to rate the frequency
(never, sometimes, often, or very often) with which these statements applied to their dog.
Dog-ADHD RS data were obtained for 105 of the 119 dogs that went on to complete
young adult testing (Table S1).
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Salivary cortisol collection. The transition from puppy-raiser homes to a kennel
environment is recognized as a particularly stressful time for dogs (Hennessy et al., 1997;
Hennessy et al., 2001; Rooney et al., 2007). We collected saliva after the dogs returned to
headquarters and entered the kennels, either one (n = 1), two (n = 102), or three (n = 13)
days post-arrival and prior to participation in young adult testing. Collection occurred
between 7:40 and 8:50h, at least 1.5 hours after the dog’s morning meal. Collection
followed previously published methods (Bray et al., 2017; Dreschel & Granger, 2009).
Briefly, one to two experimenters held the dog while the main experimenter (EB),
wearing latex gloves, held a Salimetrics® Children’s Swab under the dog’s tongue and in
the dog’s cheek pouches, avoiding contact with the gums, for 1-5 minutes (Coppola et al.,
2006). The swab was gently moved around the dog’s mouth throughout sampling.
Post-collection, all samples (n = 116, Table S1) were stored in a plastic
Salimetrics® tube and either immediately refrigerated (at 4° C) or placed in a freezer (at 20° C). If samples were refrigerated first, they were frozen no more than 40 min later.
One to five months later, samples were mailed on dry ice to Arizona State University’s
Institute for Interdisciplinary Salivary Bioscience Research, where they were thawed and
assayed for cortisol using ELISA technology and an enzyme immunoassay kit
(Salimetrics, Carlsbad, CA). All samples were assayed in duplicate using 25 µL of saliva,
and the average of these two measures were used in subsequent analyses. The lower limit
of detection was 0.007 µg/dL and there was an average intra-assay coefficient of
variation of less than 10% and an average inter-assay coefficient of variation of less than
15%. To ensure accuracy, analysis was repeated for 18 samples that had a coefficient of
variation greater than 15%.
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Young adult testing. All testing sessions occurred during the initial weeks of return,
before each dog was assigned to a professional trainer. Our test battery (described in Bray
et al., submitted) consisted of 11 tasks designed to capture aspects of dogs’ temperament
and cognition. All dogs were tested on the entire battery twice: they participated in the
first testing within the first week of returning to headquarters for training (mean = 2.2
days post-arrival, mode = 2 days, range = 1 to 6 days), and the second testing after
undergoing anesthesia for neutering and/or hip X-rays, which occurred over a more
variable period after initial return (mean = 12.9 days post-arrival, mode = 9 days, range =
5 to 35 days).
On testing day, tasks were administered over two sessions. Session one lasted
approximately one hour, and consisted of the first seven tasks. Dogs were then given at
least an hour break before completing session two, which lasted around 30 minutes and
consisted of the final four tasks. For the sake of consistency and intra-individual
comparison (MacLean et al., 2017), dogs completed all tasks in the same order.
Dogs (n = 119) were tested at The Seeing Eye® headquarters in an empty 11’ x 7’
tiled exam room located within an unoccupied kennel wing, near the kennel in which the
dogs were housed. All tasks took place in the testing room, except for the distraction task,
which was conducted in a 44’ x 4’ empty hallway within the same kennel. Testing took
place between 7:30 and 17:30h. For all tasks that required a reward, dogs worked for
Zuke’s® mini naturals roasted chicken treats. A main experimenter and a dog handler
were always present. At any given time, these roles were filled by two of five females of
similar age, with the first author (EB) acting as the main experimenter in 87% of
sessions. Aside from positioning the dog, the handler did not interact with the dog during
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testing. Testing sessions were videotaped using Sony video cameras (HDR-PJ230, HDRCX405) mounted on tripods.
Below, we briefly describe each task in the order in which it was presented to the
dogs. For further details, see SI methods.

Isolation. This task measured a dog’s comfort level when placed alone in an unfamiliar
environment (similar to Gazzano et al., 2008; Wilsson & Sundgren, 1998). The handler
released the dog into the empty lighted testing room, then left for two minutes. The
dependent measures were number of times the dog switched between quadrants of the
room over the course of the session and duration of time spent near exit, vocalizing,
active, and rearing up on hind legs, respectively. We considered this to be primarily a
temperament test, measuring anxiety.

Distraction. This task measured a dog’s ability to ignore salient distractors in favor of
approaching an encouraging human (Goddard & Beilharz, 1984; Harvey et al., 2016).
The experimenter called the dog from the other end of a hallway. Initially, the hallway
was empty. In subsequent trials, toy and treat distractors were placed along the dog’s
route. The dependent measures were time to walk down an empty hallway, number of
toys touched, and number of treats eaten. We also calculated a difference score by
subtracting each dog’s initial time from her ‘distraction’ time, so that a bigger difference
indicated a longer time to complete the ‘distraction’ trials. We considered this to be
primarily a temperament test, measuring distractibility.
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Sustained attention. This task measured a dog’s attentiveness to a human in the absence
of a reward. The experimenter commanded the dog to sit and then stood silently facing
the dog. The trial started when the dog sat and ended when the dog turned away from the
experimenter, capped at two minutes. The dependent measures were the amount of time
that the dog remained oriented toward the experimenter on trials one and two. We
considered this to be primarily a temperament test, measuring persistence and attention
span.

Memory problem solving. This task measured a dog’s ability to remember and efficiently
recover hidden treats (similar to Barrera et al., 2015). We used the Nina Ottosson Dog
Magic puzzle toy for this task. The dog watched the experimenter place treats in four
equidistant wells, then cover the four baited wells along with five empty ones. The dog
was given a maximum of two minutes to find the hidden treats. The dependent measures
were amount of time to uncover all four treats, the number of correct wells uncovered,
accuracy, and persistence. We considered this to be primarily a cognition (problemsolving) test.

Multistep problem solving. This task measured a dog’s ability to solve a problem that
required completion of two steps in a precise order (similar to Benson-Amram &
Holekamp, 2012; Marshall-Pescini et al., 2008). Successful performance also depended
on the dog’s ability to avoid perseverating at a tempting but fruitless option (i.e., fixating
on the physical location of a hidden treat despite having to manipulate the apparatus in a
different location to gain access). We used the Nina Ottosson Dog Tornado puzzle game
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for this task. The dog watched as the experimenter baited a well, twisted the top part of
the apparatus to cover the treat, and then placed a plastic bone in an empty adjacent well,
thereby rendering the apparatus unable to spin until the bone was dislodged. The dog was
given a maximum of two minutes to recover the treat. The dependent measures were
amount of time to successfully uncover the treat, amount of time gazing to the
experimenter, and amount of time perseverating (interacting with the part of the
apparatus covering the baited area while the plastic bone was still in the adjacent well).
We also measured persistence. We considered this to be primarily a cognition test.

Cylinder. This task measured a dog’s ability to inhibit perseverating at a visible but
inaccessible treat directly in front of it in favor of making a temporary detour to the side
to retrieve the treat (Bray et al., 2014; MacLean et al., 2014). Dogs first completed
familiarization trials with an opaque cylinder, where they learned to retrieve a treat from
an open side of the apparatus without touching the front of it. In ten test trials, dogs faced
an identical problem with the same solution, except that the cylinder was transparent so
the food reward was readily visible throughout. The dependent measure was the number
of test trials in which the dog correctly retrieved the reward on her first attempt. We
considered this to be primarily a cognition test.

Detour problem solving. This task measured a dog’s ability to detour around a barrier in
order to reach a reward (similar to Fox & Stelzner, 1966; Osthaus et al., 2010). The
experimenter stood at the end of a Z-shaped maze and called the dog over for three trials.
In the first two, she stood diagonally opposite to the dog, requiring the dog to make two
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turns around barriers to reach her. In the final trial, the experimenter moved directly in
front of the dog but still remained behind the barrier, necessitating the same amount of
detouring but with the additional challenge of inhibiting the counterproductive urge to
approach directly. The dependent measures were solving times for trials one through
three, as well as a test trial score (number of trials solved within the time limit). We
considered this to be primarily a cognition test.

Greeting. This task measured a dog’s emotional reaction to the appearance of a strange
figure (similar to Goddard & Beilharz, 1986). The experimenter knocked and then
silently entered the room in a hunched position, draped in a felt cape. After 15 seconds,
the experimenter then encouraged the dog to approach in a friendly tone, and patted the
dog if in reach. The trial ended after 45 seconds. The dependent measures were latency to
initially approach and amount of time spent interacting with the experimenter. We
considered this to be primarily a temperament test, measuring fear.

Ball play. This task measured a dog’s willingness to play fetch with a human (similar to
Slabbert & Odendaal, 1999; Wilsson & Sundgren, 1998). The experimenter remained
stationary and threw a ball, encouraging the dog to retrieve it. She continued throwing the
ball as many times as the dog brought it back within one minute. The dependent measure
was the sum of a dog’s retrieval score over two trials. We considered this to be primarily
a temperament test, measuring cooperative willingness.
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Novel object. This task measured a dog’s emotional stability when placed alone in a room
with novel objects (similar to King et al., 2003; Marshall-Pescini et al., 2017). The
experimenter turned on two motion-activated toy cats, which produced erratic noises and
movement, and then released the dog alone into the testing room with them for two
minutes. The dependent measures were time to first approach the mechanical cats, time
spent in contact with them, time spent orienting toward them, and latency to first
vocalize. We considered this to be primarily a temperament test, measuring neophobia.

Umbrella-opening. This task measured a dog’s initial reaction and subsequent recovery
to a startling event (Sherman et al., 2015). The experimenter faced the dog and released
an auto-open umbrella, which the dog was then given 45 seconds to explore. If the dog
was not near the umbrella at predetermined time intervals, then the experimenter and
handler coaxed the dog to approach. The dependent measures were the dog’s initial
reaction score, the time frame within which the dog subsequently approached the
umbrella, and the amount of time spent exploring the umbrella. We considered this to be
primarily a temperament test, measuring reactivity.

Program outcome. Program outcome was coded as a binary variable: dogs either
succeeded (became guide dogs or breeders) or were released (did not pass the program
and were adopted by families). Breeders had to successfully complete two months of
guide dog training and then were selected to enter the breeding program based on their
health and behavior. Dogs could be released at any point from the program, although only
4% of our sample (n = 5) was released prior to returning to headquarters for training. The
97

primary reasons that dogs were released from the program were behavioral, including but
not limited to lack of confidence, excitability, inability to focus, lack of initiative, body or
noise sensitivity, and suspiciousness. Dogs could also be released for medical concerns or
because they were transferred to an external organization. We were only interested in
dogs that were released for behavioral reasons (e.g., Batt et al., 2008; Duffy & Serpell,
2012). Of the 119 dogs that completed young adult testing, 20% were released for
medical concerns (n = 23) or transfer (n = 1). Of the 95 remaining dogs, 63 succeeded
(66%) and 32 were released due to behavioral concerns (34%) (Table S1).

Data processing and statistical analysis. All statistical analyses were carried out in R
version 3.3.0 (R Development Core Team, 2016).
EB or a research assistant involved in the study coded the following variables
from video: perseveration during the multistep problem-solving task, initial response
during the umbrella-opening task, and all variables from the isolation and novel object
tasks. A separate coder then coded 20% of randomly selected trials, and interrater
reliability of these variables was calculated using Spearman’s rho for continuous
variables and Cohen’s Kappa for categorical variables. Interrater agreement was strong
(McHugh, 2012): all correlations were greater than 0.83 and the Kappa for initial reaction
to umbrella-opening was 0.83. All other behavioral variables were coded live.
We first examined the 34 standardized variables from the 11 tasks and used
reverse coding where necessary to ensure that a positive score always indicated that the
dog solved problems more effectively (e.g., more quickly) or acted in a more desirable
way (e.g., confident, engaged, comfortable), whereas a negative score showed the
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opposite (see Table 1). We then removed those variables which did not contribute to a
compact pattern of correlations, as indicated by Kaiser-Meyer-Olkin (KMO) measures of
sampling adequacy that were less than 0.50 (Field et al., 2012).
Table 1. Final set of young adult testing variables used in analyses.
Task
Isolation

Description
Time spent near the door leading out of the room

Isolation

Variable
Proximity to
exit
Vocal

Isolation

Mobile

Distraction

Toy contact

Sustained
attention
Memory problem
solving
Memory problem
solving
Memory problem
solving
Multistep
problem solving
Multistep
problem solving
Multistep
problem solving
Detour

Trial 1

Trial 2

Time spent mobile (i.e. not sitting/laying/standing
in same spot, but actively moving)
# of toys a dog contacts while being called down
the hallway, averaged over two trials
Time facing the experimenter before turning away
during trial 1
Amount of time to successfully uncover and eat
all four treats
Number of correct (i.e., baited) indentations
uncovered in 120 seconds
Amount of time engaging with the apparatus
divided by total session time
Amount of time to successfully uncover and eat
treat
Amount of time engaging with the apparatus
divided by total session time
Amount of time gazing at human divided by total
session time
Latency to solve trial 2

Detour

Trial 3

Latency to solve trial 3

Detour

Score

Number of trials solved within the time limit (1-3)

Greeting

Interact

Amount of time interacting with experimenter

Retrieval

Score

Novel object

Latency to
vocalize
Reaction

Retrieval score summed over trials 1 and 2 (where
1 = no interest in ball and 5 = dog retrieves and
brings back to E 3+ times)
Latency to first vocalize

Umbrellaopening
Umbrellaopening
Umbrellaopening

Solve
Correct
Persist
Solve
Persist
Gaze

Time spent vocalizing

Approach

Initial reaction to umbrella opening (where 1 = no
detectable reaction and 4 = rapid avoidance
response)
Latency to first approach umbrella

Contact

Amount of time contacting umbrella
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Positive score
equates to:
Less time
near exit
Less time
vocalizing
More mobile
Less toys
contacted
More
attentive
Quicker to
solve
More correct
More
persistent
Quicker to
solve
More
persistent
Less time
gazing
Quicker to
solve
Quicker to
solve
More trials
solved
More
interaction
Better at
retrieval
Slow to
vocalize
Less reactive

Quicker to
approach
More contact

Next, we used Kendall rank correlation coefficients to determine rank-order
stability of individual scores on behavioral measures between the first and second testing
sessions. Evidence of repeatability over time is a prerequisite of temperament and
cognitive traits (Brust & Guenther, 2017; Carere & Locurto, 2011; Guillette et al., 2017).
Then, in a hypothesis-driven approach, we applied confirmatory factor analysis
(CFA) with an orthogonal rotation, fit using the R package “lavaan” (Rosseel, 2012).
Tasks were placed in a factor based on how they had been previously categorized in the
literature (see Methods). The “temperament” factor included tasks that measured dogs’
reactions to novel and/or startling environments, objects, and situations, their patterns of
attention and distractibility, and their interactions with humans. The “cognition” factor
included tasks that measured dogs’ problem solving, memory, behavioral flexibility, and
impulse control. Both factors were estimated jointly from the observed variancecovariance matrix and parameters were estimated using maximum likelihood. Goodness
of fit was evaluated using the Tucker-Lewis index (TLI: values > 0.95 indicate good fit;
Hu & Bentler, 1995), the comparative fit index (CFI: values > 0.95 indicate good fit;
Hooper et al., 2008), the root mean square error of approximation (RMSEA: values <
0.08 indicate acceptable fit; Hu & Bentler, 1998), and the standardized root mean square
residual (SRMR: values < 0.08 indicate acceptable fit; Hu & Bentler, 1999).
Next, in a data-driven approach, we applied exploratory principal components
analysis (PCA) with an orthogonal, varimax rotation to identify latent factors or
attributes. We determined the number of components to retain by using parallel analysis
(Horn, 1965), fit using the R package “paran” (Dinno, 2012), as well as the scree test
(Cattell, 1966) and the Comparison Data technique (Ruscio & Roche, 2012).
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In an effort to compare the factors obtained from the competing approaches, we
looked for construct validity. First, we determined the associations between factors and
questionnaire measures of temperament and impulsivity collected prior to testing. CBARQ subscales were calculated when at least 80% or more of the values that made up
the subscale were present (Duffy & Serpell, 2012). Specifically, we were interested in
associations with the excitability, nonsocial fear, trainability, and separation-related
behavior subscales (see Appendix A). Following Vas et al. (2007), we also calculated an
activity-impulsivity score for each dog by taking the average score on items 4, 5, 6, 8, 9,
11, and 13 on the Dog-ADHD RS (see Appendix B). All questionnaire ratings were then
standardized. We used a General Estimating Equations version of a general linear
regression model (GEE-GLM) to estimate all associations of interest. Because breed, sex,
birth season, and age at return have been controlled for in previous studies due to their
effect on behavior (e.g., Bray et al., submitted), each of these was included as a covariate.
We used a Gaussian error distribution with litter as the unit of analysis. Variances
estimates for the statistical tests on the regression coefficients were adjusted for
clustering due to litter effects using generalized estimating equations (Liang & Zeger,
1993). All models were fit using the R package “geepack” (Halekoh et al., 2006). For all
models, 2-sided p-values < 0.05 were considered statistically significant.
As a second test of construct validity, we examined the associations between
factors and salivary cortisol collected upon the dogs’ return to headquarters (see above).
We applied a natural log transformation to the cortisol measurements, and then used
GEE-GLMs as above.
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Finally, to investigate the predictive validity of our factors, we used GEE-GLMs
to estimate which factors were associated with success in the guide dog program. Models
were the same as described above, except that they used a binomial error distribution.

Results

Model fit. We first conducted a KMO test on the 34 behavioral variables from the 11
tasks described above. The sampling adequacy was KMO = 0.52, barely above the
acceptable limit of 0.5 (Field et al., 2012), so the14 variables with individual KMO
values < 0.50 were removed from further consideration. Rerunning the test using 20
behavioral variables (Table 1) yielded a sampling adequacy of KMO = 0.66 and KMO
values for all remaining individual variables ≥ 0.55.
We next verified that the 19 behavioral variables showed consistency across time
(the novel object variable was excluded because the objects were no longer novel at the
second time of testing) (Table 2). Except for three variables, all variables were positively
correlated across testing sessions, and the majority were strongly positively correlated.
All subsequent analyses used data from the first testing, due to greater consistency in the
time of first testing and probable ceiling effects in some tasks at the time of second
testing (Bray et al., submitted). Table S2 presents means, modes, standard deviations, and
ranges of the raw scores from the first time of testing.
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Table 2. Kendall rank correlation coefficients between scores at young adult post-arrival (PA)
and post-surgery (PS) testing.
Test
Isolation
Isolation
Isolation
Distraction
Sustained Attention
Memory problem solving
Memory problem solving
Memory problem solving
Multistep problem solving
Multistep problem solving
Multistep problem solving
Detour
Detour
Detour
Greeting
Retrieval
Umbrella-opening
Umbrella-opening
Umbrella-opening

Kendall's tau

Variable
Proximity to exit
Vocal
Mobile
Toy contact
Trial 1
Solve
Correct
Persist
Solve
Persist
Gaze
Trial 2
Trial 3
Score
Interact
Score
Reaction
Approach
Contact

0.19**
0.28***
0.16*
0.30***
0.16*
0.28***
0.14.
0.10.
0.22***
-0.07
0.11
0.11.
0.33***
-0.07
0.19**
0.60***
0.58***
0.38***
0.37***

*** p < 0.001, ** p < 0.01, * p < 0.05, . p ≤ 0.10

We first applied Confirmatory Factor Analysis (CFA) to the 20 variables from
young adult testing. Given our a priori hypothesis, we designated two latent constructs:
Cognition and Temperament (Table 3). The two factors were not correlated with one
another (r = 0.08, p = 0.40). However, results were below our threshold for acceptable fit,
χ2(169, n = 119) = 509, p < 0.001 (RMSEA = 0.130 [0.117-0.143]; CFI = 0.393; TLI =
0.317; SRMR = 0.142). Given the poor fit and the fact that many of our tasks failed to
load on either factor at a strength > 0.32, we concluded that our first hypothesized
categorization of tasks was not optimal.
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Table 3. CFA standardized loadings (≥ 0.32 bolded) and standard errors in a two-factor model of young
adult testing.
Observed variable
Latent construct
β
Standard error
Memory problem solving solve
Cognition
0.08
0.76
Memory problem solving correct
Cognition
0.08
0.73
Multistep problem solving solve
Cognition
0.10
0.10
Detour trial 2
Cognition
0.18
0.10
Detour trial 3
Cognition
0.11
0.08
Detour score
Cognition
0.00
0.10
Memory problem solving persist
Cognition
0.08
0.88
Multistep problem solving persist
Cognition
0.26
0.10
Multistep problem solving gaze
Cognition
0.21
0.09
Isolation proximity to exit
Temperament
0.10
0.79
Isolation vocal
Temperament
0.10
0.51
Isolation mobile
Temperament
0.10
0.68
Distraction toy contact
Temperament
-0.19
0.11
Sustained attention trial 1
Temperament
0.17
0.10
Greeting interact
Temperament
0.09
0.11
Retrieval score
Temperament
0.11
0.10
Novel object latency to vocalize
Temperament
0.14
0.11
Umbrella-opening reaction
Temperament
-0.05
0.11
Umbrella-opening approach
Temperament
0.14
0.10
Umbrella-opening contact
Temperament
0.10
0.32
n = 119 dogs

We then applied exploratory PCA to the same 20 variables. Bartlett’s test, χ2(190)
= 771, p < 0.001, indicated that correlations between items were sufficiently large for
PCA. Parallel analysis using 5000 iterations indicated retaining four principal
components, as did inflexions in the scree plot and the Comparison Data technique
(Ruscio & Roche, 2012). The four components were orthogonally rotated. All
components were uncorrelated. The total variance explained by all four components was
50%. We then examined loadings of each behavior onto the four components (Table 4),
paying particular attention to loadings ≥ |0.32| (Tabachnik & Fidell, 2007).
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Table 4. Components and loadings (≥ 0.32 bolded) of the PCA over the variables from young adult testing.
Observed variable
Detour trial 2
Detour score
Detour trial 3
Umbrella-opening approach
Greeting interact
Umbrella-opening contact
Retrieval score
Memory problem solving solve
Memory problem solving persist
Memory problem solving correct
Umbrella-opening reaction
Multistep problem solving persist
Multistep problem solving gaze
Multistep problem solving solve
Isolation vocal
Isolation proximity to exit
Isolation mobile
Novel object latency to vocalize
Distraction toy contact
Sustained attention trial 1
Eigenvalue
Percent variance explained
n = 119 dogs

Confident
flexibility
0.75
0.65
0.63
0.59
0.48
0.38
0.35
-0.02
0.09
0.01
0.32
0.00
0.07
0.12
0.05
0.36
0.44
-0.27
0.11
-0.04

Calm +
Engaged
0.11
-0.13
0.07
0.01
-0.05
0.16
-0.07
0.86
0.84
0.81
0.33
0.13
0.07
0.00
-0.17
0.01
0.06
-0.26
-0.28
0.18

Independent
problem solving
-0.07
-0.04
0.10
-0.01
0.11
0.06
0.25
0.08
0.16
-0.04
-0.12
0.90
0.89
0.72
0.04
-0.10
-0.15
0.06
-0.11
0.05

Quiet
investigation
0.18
0.29
-0.11
-0.15
-0.08
0.12
0.05
-0.05
0.10
0.05
-0.30
-0.08
0.00
0.13
0.77
0.64
0.60
0.45
-0.42
0.40

2.76
14%

2.50
13%

2.33
12%

2.20
11%
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Individuals who scored high on component 1 (for ease of discussion, Confident
flexibility) were quick to solve a detour, even when the parameters changed slightly, were
comfortable around the umbrella, mobile and exploratory during the isolation task,
interactive during greeting, and proficient at playing fetch.
Individuals who scored high on component 2 (for ease of discussion, Calm +
Engaged) were adept at the memory problem-solving task: they solved quickly, searched
in the correct locations, and appeared very engaged (i.e., persistent). They also did not
have large startle responses to the umbrella.
Individuals who scored high on component 3 (for ease of discussion, Independent
problem solving) exhibited superior performance on the multistep problem-solving task.
They were quick to solve, highly focused on the task, and rarely looked to the
experimenter.
Individuals who scored high on component 4 (for ease of discussion, Quiet
investigation) rarely vocalized during the isolation and novel object tasks. They also
seemed curious toward their immediate environment: they were mobile and exploratory
during the isolation task, attentive to the toys during the distraction task, and focused on
the experimenter during the first trial of the sustained attention task.
Thus, the exploratory PCA fit well and produced four components, all of which
had behavioral loadings that combined aspects of temperament and cognition. Taken
together, the poor fit of the CFA and the superior fit of the PCA support the premise that
temperament and cognition are deeply interrelated.
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Construct validity. Table S3 presents means, modes, standard deviations, and ranges of
the raw questionnaire ratings for the relevant C-BARQ and Dog-ADHD RS items.
To test our predictions regarding construct validity, we developed separate GEEGLM models with the dog’s questionnaire rating or salivary cortisol level as the predictor
and individual factors (CFA- or PCA-derived) as the dependent variable. Models
included breed, birth season, sex of puppy, and age at return as covariates, and assumed
outcomes were correlated within litter. Results are summarized in Table 5.
The CFA factor Cognition was positively associated with C-BARQ trainability
(estimate = 0.08, Wald = 9.93, p = 0.002): dogs rated by their puppy raisers as obedient
and attentive to their owner did well on tasks that were cognitive in nature. Furthermore,
Cognition was negatively associated with activity-impulsivity (estimate = -0.23, Wald =
9.73, p = 0.002): dogs rated as very active and impulsive by their puppy raisers did
poorly on cognitive tasks. All hypothesized associations between questionnaire measures
and the CFA factor Temperament failed to reach statistical significance. Therefore, using
puppy-raiser ratings, we found only partial support for construct validity of our CFA
factors—Cognition was associated with trainability and impulsivity, but Temperament
was not associated with excitability, nonsocial fear, or separation, as we would have
expected.
We found stronger support using puppy-raiser ratings for construct validity within
our PCA factors: three of the four were associated with at least one questionnaire
measure. The PCA factor Calm + Engaged was negatively associated with excitability
(estimate = -0.18, Wald = 12.28, p < 0.001): dogs rated as more excitable on the C-
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BARQ performed poorly on the memory problem-solving task and reacted strongly to the
umbrella opening. The PCA factor Quiet investigation was also negatively associated
with excitability (estimate = -0.13, Wald = 7.70, p = 0.006): dogs high in excitability
were vocal during the isolation and novel object tasks and curious about their immediate
surroundings in the distraction and sustained attention tasks. The PCA factor Independent
problem solving was negatively associated with both separation-related behaviors
(estimate = -0.32, Wald = 8.36, p = 0.004) and activity-impulsivity (estimate = -0.23,
Wald = 15.13, p < 0.001). Dogs low in separation anxiety and impulsivity were most
effective at solving a multistep problem, persisting at the task and not looking to the
experimenter.
As a second way of assessing construct validity, we examined salivary cortisol
levels. Here, as predicted, Temperament was negatively associated with high levels of
salivary cortisol (estimate = -0.26, Wald = 9.90, p = 0.002). In other words, dogs that
scored low on Temperament—exhibiting anxious behaviors when left alone and wariness
of the umbrella—had higher cortisol levels. By this measure, Temperament therefore had
construct validity.
The PCA factor Confident flexibility was also negatively associated with salivary
cortisol levels (estimate = -0.14, Wald = 4.21, p = 0.04). Dogs with higher cortisol levels
ended up being less proficient at solving the detour task and wary during multiple tests of
temperament. Quiet investigation tended toward a negative association with salivary
cortisol as well (estimate = -0.18, Wald = 3.17, p = 0.075). Thus, when using association
with cortisol to distinguish between the Temperament/Cognition factors and the PCA
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Table 5. Construct and predictive validity for the young adult testing factors derived from CFA and PCA.
Construct validity

Factors

C-BARQ
Excitabilitya
Est.

p

Predictive validity

C-BARQ
Separationa

ADHD
ActivityImpulsivityc

C-BARQ
Nonsocial Fearb

C-BARQ
Trainabilitya

Salivary
cortisold

Release from
programe

Est.

p

Est.

p

Est.

p

Est.

p

Est.

p

OR

Est.

p

NA

NA

0.08

0.002

NA

NA

-0.23

0.002

NA

NA

1.05

0.05

0.86

CFA: Cognition

NA

CFA: Temperament

-0.05

0.30

0.06

0.50

NA

NA

-0.06

0.52

NA

NA

-0.26

0.002

1.05

0.05

0.84

PCA: Confident
flexibility

NA

NA

0.03

0.78

0.00

0.96

NA

NA

NA

NA

-0.14

0.04

0.70

-0.36

0.03

PCA: Calm +
Engaged

-0.18

<0.001

NA

NA

NA

NA

-0.10

0.52

NA

NA

-0.13

0.20

1.42

0.35

0.25

PCA: Independent
problem solving

NA

NA

NA

-0.02

0.48

-0.32

0.004

-0.23

<0.001

NA

NA

0.60

-0.51

0.01

PCA: Quiet
investigation

-0.13

0.03

0.76

NA

NA

NA

NA

NA

NA

-0.18

0.08

1.08

0.08

0.75

0.006

Associations that reached significance (p < 0.05) are bolded.
a
n = 114 dogs
b
n = 112 dogs
c
n = 105 dogs
d
n = 118 dogs
e
n = 95 dogs
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factors, the data were less conclusive as there was evidence for construct validity for
both.

Predictive validity. To determine the predictive ability of the different factors, we built
separate GEE-GLM models for the association between each factor and program
outcome. Models included breed, birth season, sex of puppy, and age at return as
covariates, and assumed outcomes were correlated within litter. Results are summarized
in Table 5.
Importantly, neither Cognition nor Temperament were significantly associated
with outcome in the program. Thus, neither of the CFA factors demonstrated predictive
validity, once again suggesting that results do not support a clear distinction between tests
of cognition and temperament.
In contrast, the exploratory PCA produced two factors that were associated with
outcome. Confident flexibility (estimate = -0.36, Wald = 4.57, p = 0.03) was negatively
associated with release from the program, indicating that dogs that scored less favorably
on the detour, greeting, umbrella, isolation, and retrieval tasks were more likely to be
released (Odds Ratio (OR) = 0.70). We also found a significant association for
Independent problem solving (estimate = -0.51, Wald = 6.07, p = 0.01): dogs that were
unengaged and performed poorly on the multistep problem-solving task were more likely
to be released (OR = 0.60). The other two PCA components, Calm + Engaged and Quiet
investigation, were not significantly associated with program outcome. In sum, when
taken as a whole, the PCA factors demonstrated both construct and predictive validity.
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Discussion

Based on their assumed underlying differences and separation in much of the literature,
we posited that putative temperament and cognitive characteristics might correlate more
among themselves than between each other. When we conducted a CFA in which we
forced the temperament and cognitive variables to load onto separate factors, we found
some evidence for construct validity: Cognition was associated with questionnaire
measures of trainability and impulsivity, and Temperament was associated with salivary
cortisol levels. However, the CFA factors fell short on all other criteria. They fit the data
poorly, with some tasks loading at such low levels that they were not represented by
either factor. Furthermore, both CFA factors were not significantly associated with
outcome in the guide dog program.
By contrast, when we conducted exploratory PCA with no imposed structure,
variables naturally sorted into four factors, each representing a different type of
competence that included both cognitive and temperament measures: Confident
flexibility, Calm + Engaged, Independent problem solving, and Quiet investigation.
These factors fit the data well and were associated with related questionnaire and
endocrine measures. Moreover, two of the factors, Confident flexibility and Independent
problem solving, were significantly associated with success in the guide dog program.
Taking all the evidence together, we conclude that a prespecified dichotomy of
cognition versus temperament is an inferior approach to describing our data. Rather, a
bottom-up method that blends features of cognition and temperament offers a more
accurate picture of our results. Of course, one reason that our bottom-up factors fit the
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data better than a prespecified, two-factor dichotomy is that they were derived from this
particular sample. The best test of the validity of our four principal components will
come when they are applied to a completely new sample. For the moment, however, our
results strongly support the hypothesis that temperament and cognition are difficult to
disentangle.
For example, we found that a temperament trait (separation anxiety, as evaluated
through the C-BARQ) was associated with Independent problem solving, a factor
consisting mainly of skills that have traditionally been conceptualized as cognitive (i.e.,
innovation and impulse control). Additionally, both cognitive (detour skills) and
temperament (e.g., approach and exploratory behavior) variables loaded strongly onto
Confident flexibility. Similarly, both cognitive (memory problem solving) and
temperament (reactivity) variables loading strongly onto Calm + Engaged. Finally,
problem-solving ability, largely regarded as a cognitive skill, loaded together with
persistence, which is usually associated with temperament, on two of our factors (Calm +
engaged and Independent problem solving), corroborating findings from meerkats
(Thornton & Samson, 2012), hyenas (Benson-Amram & Holekamp, 2012), and birds
(Lermite et al., 2017).
Surprisingly, none of our factors that involved bold and curious behaviors
(Temperament, Confident flexibility, or Quiet investigation) were associated with ratings
of nonsocial fear. We think one possible explanation for this inconsistency was that levels
of nonsocial fear were quite low in our population (mean = 0.31), with very little interindividual variation (Table S3).
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Previous large-scale studies that have suggested that animal cognition and
temperament are separate, stable constructs have typically examined only one of these
putative traits. For example, one study in birds reported correlations between three
cognitive measures: innovative propensity, initial learning of a discrimination task, and
reversal learning of the same task (Griffin et al., 2013). However, traits such as
neophobia were not considered. Other studies in dogs (Arden & Adams, 2016), mice
(Matzel & Kolata, 2010), and male bowerbirds (Isden et al., 2013) found evidence for a
general cognitive ability that emerged across performance on multiple cognitive tests, but
again did not consider the relation of these measures to measures of temperament.
Tests of temperament have also often failed to incorporate measures of cognition
into their analyses. For example, a meta-analysis of personality in dogs suggested that
traits associated with temperament were moderately consistent over time (average effect
size r = 0.43) (Fratkin et al., 2013), but the analysis did not also include measures of
cognition. Similarly, a growing literature points to the existence of ‘behavioral
syndromes’, or correlated temperament traits (e.g., boldness and aggression), across
varying contexts in species as diverse as crickets (Kortet & Hedrick, 2007), spiders
(Johnson & Sih, 2005), fish (Bell & Sih, 2007), birds (Verbeek et al., 1996). Taken
together, these studies could be interpreted as implying that cognition and temperament
are distinct, reliable constructs in animals. Importantly, however, none of these studies
tested both purported temperament and cognitive tasks.
Other data argue against the implicit assumption that cognition and temperament
are easily separable. For example, even within a single cognitive domain, like inhibitory
control, context affects behavior. As a result, individual tasks meant to measure the same
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underlying construct are not always correlated (Bray et al., 2014; Fagnani et al., 2016).
Similar issues have arisen in the temperament literature. In a study of wild baboons,
Carter et al. (2012b) determined that responses to two different stimuli (a threatening
stimulus and a novel object) designed to measure ‘boldness’ were not related.
Many other studies acknowledge that cognition and temperament are difficult to
disassociate, and perhaps even interdependent (Griffin et al., 2015; Sih & Del Giudice,
2012). For instance, while innovation involves the cognitive ability to derive a solution, it
also crucially hinges on aspects of temperament like neophilia and exploration (MarshallPescini et al., 2017; Reader, 2003). Also, numerous smaller-scale studies have
successfully uncovered correlations between personality traits and problem solving
across taxa (Brust & Guenther, 2017; Lermite et al., 2017; Matzel et al., 2017; Nawroth
et al., 2017; Schneider et al., 1991; Trompf & Brown, 2014).
Two of our PCA factors, Confident flexibility and Independent problem solving,
had predictive validity: scoring high on these components was associated with success in
the guide dog program. These results align with prior findings. In a sample of 1,067
prospective Seeing Eye® dogs, Serpell & Hsu (2001) reported that lack of confidence
was the second most common reason for release from the program. Furthermore, a recent
analysis of the same sample used in the current study also found superior performance on
the multistep problem-solving task was associated with success (Bray et al., submitted).
Bray et al. (submitted) additionally found a strong connection between latency to
vocalize during the novel object task and outcome. However, in the current analysis,
latency to vocalize loaded onto Quiet investigation, a factor that was not associated with
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outcome. One possibility for this discrepancy is that the explanatory power of that
measure was diluted by the other behaviors that loaded onto this component.
In conclusion, psychological research has a long history of using specific tasks to
study an animal’s ‘temperament’ or ‘cognition’ independently, and yet empirical work
rarely tests the associations between the two. We aimed to address this deficit by
employing a larger-than-usual sample, a battery of both temperament and cognitive tasks,
and robust statistical methods. Our results indicate that forcing tasks into categories
assumed to be associated solely with ‘cognition’ or ‘temperament’ leads to poor fit and
factors that do not correlate with other important variables or predict outcome.
Alternatively, when a bottom-up approach allows cognition and temperament to
intermingle, the resulting factors reveal that the two domains interact in interesting ways.
Furthermore, these factors are associated with questionnaire measures, cortisol, and
program outcome. Thus, by including multiple measures of both temperament and
cognitive skills, future large-scale studies of behavior could provide a more complete and
realistic picture while allowing for further elucidation of the ways in which the two
domains interact.
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Supplementary Information Methods: Text S1

(1) Isolation. This task measured a dog’s comfort level when placed alone in an
unfamiliar environment (similar to Gazzano et al., 2008; Wilsson & Sundgren, 1998), and
was considered to be primarily a temperament test. The handler released the dog into the
empty lighted testing room, then closed the door so that the dog was alone. The
experimenter and handler sat silently on the floor outside of the testing room, out of view
of the dog. The session ended after two minutes. The dependent measures were number
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of times the dog switched between quadrants of the room over the course of the session
and duration of time spent near exit, vocalizing, active (i.e., not sitting, standing, or lying
in the same spot for over three seconds), and rearing up on hind legs, respectively.

(2) Distraction. This task measured a dog’s ability to ignore salient distractors in favor of
approaching an encouraging human (Goddard & Beilharz, 1984; Harvey et al., 2016), and
was considered to be primarily a temperament test.

Control trials. The handler positioned the dog at the end of an empty hallway (44’ x 4’),
facing the experimenter at the other end. As soon as the experimenter started calling the
dog at five-second intervals, the handler released the dog. The dog participated in two
control trials. If the dog failed to approach the experimenter within two minutes, she was
assigned the maximum time of two minutes.

Distraction trials. In two ‘distraction’ trials, six never-before-seen toys and three treats
were placed in predetermined, alternating locations along the edges of the hallway (Fig.
S1). The experimenter again called the dog, who was released by the handler. The
dependent measures, averaged over two trials, were time to walk down the empty
hallway during ‘control’ trials, number of toys touched during ‘distraction’ trials, and
number of treats eaten during ‘distraction’ trials. We also calculated a difference score by
subtracting each dog’s ‘control’ time from her ‘distraction’ time, so that a bigger
difference indicated a longer time to complete the ‘distraction’ trials.
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(3) Sustained attention. This task measured a dog’s attentiveness to a human in the
absence of a reward, and was considered to be primarily a temperament test. The handler
positioned the dog in a standing position, facing the experimenter from 4’ away. The
experimenter then verbally commanded the dog to sit while holding up her right fist in a
sit gesture, and remained silently standing and facing the dog. The trial started when the
dog sat and ended when both the dog’s face and chest were oriented away from the
experimenter, capped at two minutes. If the dog did not sit within 10 seconds of the
experimenter’s request, the trial was redone. If the dog did not sit four times in a row or
five times over the course of the session, the session was aborted. The dependent
measures were the amount of time that the dog remained oriented toward the
experimenter on trials one and two.

(4) Memory problem solving. This task measured a dog’s ability to remember and
efficiently recover hidden treats (similar to Barrera et al., 2015), and was considered to be
primarily a cognition (problem-solving) test. We used the Nina Ottosson Dog Magic
puzzle toy for this task, a red disc (12” diameter) with eight hollow wells around the
perimeter and one in the middle (Fig. S2a). White plastic ‘bones’ fit onto these wells,
thereby covering treats that could be hidden underneath. There were holes in the top of
the plastic bones through which we threaded shortened shoelaces to allow the dogs an
additional way to pick up the bones. The apparatus was attached by Velcro to a mat,
ensuring that dogs could not obtain the treats by simply tipping over the entire disc.
Throughout, if a dog stopped interacting with the apparatus and left the immediate 1’wide radius around the apparatus, the experimenter verbally encouraged the dog by
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repeating “Find the treats” and pointing toward the apparatus at 10-second intervals.
Before reaching the test trial, dogs progressed through a series of warm-ups which
ensured mastery over the physical/manipulative skills needed to solve the problem. In all
warm-up trials where the dog failed to acquire the treat within the given time limit, the
dog was shown the solution and the trial was repeated until criterion was reached.

Warm-up trials, stage 1. The experimenter baited every other well (four total) along the
outside of the Dog Magic apparatus while the dog watched. The handler held the dog on
leash 4’ away until the experimenter said, “OK, find the treats,” at which point the dog
was released. To pass this stage and advance to the next, the dog had to approach and eat
from all four wells. If the dog failed to start eating at the end of 45 seconds, the task was
aborted.

Warm-up trials, stage 2. The experimenter baited one outside well and covered it with a
‘bone’ while the dog watched. The dog was given 45 seconds to dislodge the bone, using
a combination of paws, snout, and teeth, and consume the treat underneath. To pass this
stage and advance to the test trial, the dog had to successfully remove the bone twice. If
the dog failed to solve stage 2 successfully after five trials, the task was aborted.

Test trial. The experimenter baited four equidistant wells along the outside of the disc,
then covered all nine wells with bones. The trial duration was capped at two minutes. The
dependent measures were amount of time to uncover all four treats, the number of correct
wells uncovered, accuracy in uncovering treats (number of correct minus number of
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incorrect wells uncovered), and persistence (time engaging with the apparatus divided by
trial time).

(5) Multistep problem solving. This task measured a dog’s ability to solve a problem that
required completion of two steps in a precise order (similar to Benson-Amram &
Holekamp, 2012; Marshall-Pescini et al., 2008), and was considered to be primarily a
cognition test. Successful performance also depended on the dog’s ability to avoid
perseverating at a tempting but fruitless option (i.e., fixating on the physical location of a
hidden treat despite having to manipulate the apparatus in a different location to gain
access). We used the Nina Ottosson Dog Tornado puzzle game for this task (Fig. S2b).
This apparatus consisted of several rotating levels with four wells each, and a top level
that covered all wells when aligned. We modified the apparatus so that only the top layer
could swivel, revealing two wells when it was perpendicular to the bottom layer. We used
the same bones as described in the memory problem-solving task. When a bone was
placed in a well, the top layer was prevented from swiveling. As in Memory problem
solving, dogs had to pass a series of pre-tests to demonstrate competence in manipulating
the apparatus before participating in the test trial. Similarly, dogs received verbal
encouragement from the experimenter if they lost interest in the apparatus. If they were
unable to solve a warm-up trial within the time limit, they were shown the answer before
trying again.

Warm-up trials, stage 1. The experimenter baited one well along the outside of the Dog
Tornado apparatus while the dog watched from 4’ away. The handler released the dog
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when the experimenter said, “OK, find the treat.” To pass this stage, the dog had to
successfully eat the visible treat directly from the apparatus. If the dog failed to eat the
treat at the end of 45 seconds, the task was aborted.

Warm-up trials, stage 2. The experimenter baited one outside well as the dog watched,
and then twisted the apparatus so that the top level hid the treat. The dog was given 45
seconds to spin the apparatus (with paws and/or snout) and reveal the hidden treat. To
pass this stage, the dog had to successfully manipulate the apparatus and obtain the treat
within the time limit over two trials. If the dog failed to successfully solve stage 2 after 5
trials, the task was aborted.

Warm-up trials, stage 3. As the dog watched, the experimenter baited one outside well
and covered it with a ‘bone.’ The dog was given 45 seconds to remove the bone, using a
combination of paws, snout, and teeth, and consume the treat underneath. To pass this
stage and advance to the test trial, the dog had to successfully remove the plastic bone
and uncover the treat in two trials. If the dog failed to successfully solve stage 3 after 5
trials, the task was aborted.

Test trial. The dog watched as the experimenter baited a well, twisted the apparatus to
cover the treat, and then placed a plastic bone in the empty adjacent well, thereby
rendering the apparatus unable to spin until the bone was dislodged. The dog was given
up to two minutes to solve the problem. The dependent measures were amount of time to
successfully uncover the treat, amount of time gazing to the experimenter (divided by
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total session time), and amount of time perseverating (sniffing, nosing, pawing,
scratching, mouthing, and/or licking the part of the apparatus covering the baited area
while the plastic bone was still in the adjacent well, divided by the total amount of time
interacting with the apparatus). Another measure was persistence (time engaging with the
apparatus divided by trial time).

(6) Cylinder. This task measured a dog’s ability to inhibit perseverating at a visible but
inaccessible treat directly in front of it in favor of making a temporary detour to the side
to retrieve the treat (Bray et al., 2014; MacLean et al., 2014), and was considered to be
primarily a cognition test. Dogs were positioned 4’ from the cylinder apparatus (11” long,
10” diameter, mounted on a 1’ x 1’ thin wooden base). The task was aborted if the
subject did not meet the criteria to advance from familiarization in 15 trials, or 20 trials if
either trial 14 or 15 was a correct choice. The task was also aborted if the subject did not
choose on a total of 5 trials over the course of the session.

Familiarization trials. The experimenter sat behind an opaque cylinder covered with
black duct tape (Fig. S3a) and the handler centered the dog. The experimenter said
“[Dog’s name], look” while showing the dog the reward, and then baited the cylinder
with her left hand. The experimenter then looked down and said “OK,” at which point the
handler released the dog. If the dog did not approach within 30 seconds, the trial was
repeated. If a dog’s first attempt to retrieve the reward involved first touching the front or
back of the cylinder with snout or paw, it was coded as incorrect. A choice to the side
opening without first touching the apparatus was coded as correct. Subjects were allowed
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to retrieve the reward on all trials regardless of the accuracy of their first attempt. To pass
this stage, the dog had to retrieve a treat correctly (i.e., from an open side on her first
attempt) on four of the last five trials.

Test trials. In ten test trials, dogs faced an identical problem with the same solution, but
the cylinder was now transparent (Fig. S3b) so that the food reward was readily visible
throughout. The dependent measure was the number of test trials in which the dog
correctly retrieved the reward, without first touching the front or back of the cylinder
with her snout or paws.

(7) Detour problem solving. This task measured a dog’s ability to detour around a barrier
in order to reach a reward (similar to Fox & Stelzner, 1966; Osthaus et al., 2010), and
was considered to be primarily a cognition test. We used opaque barriers covered in black
felt (4’ height x 4’3” length x 2.5” width). Whenever the dog did not solve the problem
within the allotted time, the handler guided the dog through to the experimenter and
reward.

Warm-up trials. The experimenter stood directly in front of the dog from 15’ away and
called the dog at 5-second intervals. The barriers were in the room but lined up against
the wall and therefore not impeding the dog’s path (Fig. S4a). Thus, these three trials
required no problem solving on the part of the dog. Trials were capped at thirty seconds.
Upon completion of each trial, the dog received a food reward and the experimenter said
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“Good dog!” once. To progress to the test trials, the dog had to successfully complete
three warm-up trials.

Test trials. The handler then left the room with the dog, and the experimenter re-arranged
the barriers to form a maze. Upon re-entry, the experimenter called the dog over for three
test trials, all capped at two minutes. In the first two, she stood diagonally opposite to the
dog, in a position that required the dog to make two turns around barriers to reach her and
the reward (Fig. S4b). In trial three, the experimenter moved directly in front of the dog
but still remained behind the barrier, necessitating the same amount of detouring (Fig.
S4c). Thus, during trial 3, dogs additionally had to inhibit approaching the experimenter
directly. Trials were capped at two minutes. Dogs received a test trial score in which 1 =
solved one out of three trials within the time limit; 2 = solved two out of three trials
within the time limit; and 3 = solved all trials within the time limit. The dependent
measures were solving times for trials one through three, as well as the test trial score.

(8) Greeting. This task measured a dog’s emotional reaction to the appearance of a
strange figure (similar to Goddard & Beilharz, 1986), and was considered to be primarily
a temperament test. The handler first positioned the dog on lead approximately 8’ from
the door. When the experimenter knocked and entered the room, the handler dropped the
leash. The experimenter stood silently about 5’ from the dog in a hunched position,
draped in a hooded felt cape. After 15 seconds, the experimenter then encouraged the dog
to approach in a friendly tone, calling the dog by name, chatting in a friendly voice, and
clicking her tongue. If the dog approached within reach, the experimenter interacted with
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the dog in a positive way through petting and continued friendly vocalizations. The task
ended after 45 seconds elapsed, at which point the experimenter removed the cape and
straightened up. The experimenter also played with and reassured the dog. The dependent
measures were latency to initially approach the experimenter and amount of time spent
interacting with the experimenter.

(9) Ball play. This task measured a dog’s willingness to play fetch with a human (similar
to Slabbert & Odendaal, 1999; Wilsson & Sundgren, 1998), and was considered to be
primarily a temperament test. The experimenter threw a KONG® extreme ball
(Medium/Large) in a freeform setting during a 30-second warmup. Then, in two test
trials, the experimenter stood in one spot and threw the ball, encouraging the dog to
retrieve it. She continued throwing the ball as many times as the dog brought it back
within one minute. Behavior was coded in the following way: 1 = Dog showed no
interest in the ball; 2 = Dog ran after the ball, touched it, but didn’t pick it up; 3 = Dog
picked up ball but didn’t bring it back; 4 = Dog retrieved and brought the ball back 1-2
times; 5 = Dog retrieved and brought the ball back 3 or more times. The dependent
measure was the sum of a dog’s retrieval score over two trials.

(10) Novel object. This task measured a dog’s emotional stability when placed alone in a
room with novel objects (similar to King et al., 2003; Marshall-Pescini et al., 2017), and
was considered to be primarily a temperament test. The experimenter first turned on two
motion-activated battery-operated cats (FurReal Friends Daisy Plays-With-Me Kitty
toys), which made purring and sing-song noises and erratic pawing movements. The dog
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was then released alone into the testing room for two minutes. The dependent measures
were time to first approach the mechanical cats, time spent in contact with the mechanical
cats, time spent orienting toward the mechanical cats, and latency to first vocalize.

(11) Umbrella-opening. This task measured a dog’s initial reaction and subsequent
recovery to a startling event (Sherman et al., 2015), and was considered to be primarily a
test of temperament. The handler held the dog on lead, facing the experimenter from 64”
away. The experimenter held an auto-open black umbrella toward the dog and, when the
dog was looking, pushed a button to release it. She immediately placed it on the ground,
and the dog was given 45 seconds to explore. If the dog was not within 1’ of the umbrella
after 15 seconds, the experimenter called and coaxed the dog to approach. If the dog was
still not near the umbrella after 30 seconds, the handler picked up the dog’s tab leash and
gently guided the dog toward the umbrella. The dog’s initial reaction to the umbrella was
coded as follows: 1 = No detectable reaction other than turning head or perking ears; 2 =
Flinched, startled, or took a small step back, without lowering body; 3 = Crouched or
ducked, without major displacement and maintaining general body orientation; 4 = Rapid
avoidance response away from the umbrella. The dog’s recovery approach score to the
umbrella was also coded: 1 = Dog approached the umbrella within 15 seconds; 2 = Dog
approached the umbrella within 16-30 seconds, after verbal encouragement; 3 = Dog
approached the umbrella after 30 seconds, after being led on leash; 4 = Dog never
approached the umbrella, despite verbal and physical coaxing. The dependent measures
were initial reaction score, recovery approach score, and the amount of time spent
sniffing and/or in contact with the umbrella.
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Figure S1. The layout of the hallway during the ‘distraction’ trials of the Distraction task.

a)

b)

Figure S2. (a) Nina Ottosson Dog Magic apparatus used for the Memory problemsolving task. (b) Nina Ottosson Dog Tornado apparatus use for the Multistep problemsolving task.
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a)

b)
Figure S3. (a) Opaque apparatus used for the familiarization trials of the Cylinder task.
(b) Transparent apparatus used for the test trials of the Cylinder task.

a)

b)

c)

Figure S4. Schematic of the barrier set-up for (a) warm-up trials, (b) test trials 1 and 2,
and (c) test trial 3 of the Detour problem-solving task. E refers to the experimenter’s
placement and D refers to the dog’s placement at the start of each trial.
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Table S1. Subject demographics and participation.
Age at
return
Dog Litter
Breed
Sex (mo)
1
Della
Labrador Retrievera
M
16

Birth
season
Winter

CBARQ

DogADHD

Salivary
cortisol

Success
in
program
Yes

2

Della

Labrador Retrievera

M

16

Winter

No

3

Della

Labrador Retrievera

M

16

Winter

Yes

4

Della

Labrador Retrievera

F

16

Winter

Yes

5

Della

Labrador Retrievera

F

16

Winter

Yes

6

Lizzie

Golden Retriever

M

16

Winter

Yes

7

Lizzie

Golden Retriever

M

16

Winter

Yes

8

Lizzie

Golden Retriever

M

16

Winter

Yes

9

Lizzie

Golden Retriever

M

16

Winter

10

Lizzie

Golden Retriever

M

16

Winter

Yes

11

Lizzie

Golden Retriever

F

16

Winter

No

12

Dagmar

German Shepherd

M

16

Winter

No

13

Dagmar

German Shepherd

F

16

Winter

Yes

14

Dagmar

German Shepherd

F

16

Winter

No

15

Dagmar

German Shepherd

F

16

Winter

Yes

16

Dagmar

German Shepherd

F

16

Winter

Yes

17

Dori

Golden Retrieverb

M

17

Winter

18

Dori

Golden Retrieverb

M

17

Winter

Yes

19

Dori

Golden Retrieverb

F

16

Winter

No

20

Dori

Golden Retrieverb

F

17

Winter

21

Lolly

German Shepherd

M

16

Winter

22

Lolly

German Shepherd

F

16

Winter

23

Dotty

Golden Retrieverb

F

16

Winter

24

Onyx

Labrador Retriever

M

15

Winter

25

Onyx

Labrador Retriever

F

15

Winter

No

26

Onyx

Labrador Retriever

F

16

Winter

Yes

27

Onyx

Labrador Retriever

F

15

Winter

No
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Yes

28

Onyx

Labrador Retriever

F

16

Winter

No

29

Onyx

Labrador Retriever

F

15

Winter

No

30

Onyx

Labrador Retriever

F

15

Winter

31

Maude

Labrador Retriever

M

15

Winter

Yes

32

Maude

Labrador Retriever

M

15

Winter

Yes

33

Maude

Labrador Retriever

M

15

Winter

No

34

Maude

Labrador Retriever

M

15

Winter

35

Maude

Labrador Retriever

F

15

Winter

No

36

Maude

Labrador Retriever

F

15

Winter

Yes

37

Maude

Labrador Retriever

F

15

Winter

38

Maude

Labrador Retriever

F

15

Winter

39

Ayesha

Labrador Retrieverc

M

14

Spring

40

Ayesha

Labrador Retrieverc

M

15

Spring

41

Ayesha

Labrador Retrieverc

M

14

Spring

Yes

42

Ayesha

Labrador Retrieverc

M

15

Spring

Yes

43

Ayesha

Labrador Retrieverc

F

15

Spring

No

44

Ayesha

Labrador Retrieverc

F

15

Spring

No

45

Ayesha

Labrador Retrieverc

F

15

Spring

46

Ayesha

Labrador Retrieverc

F

15

Spring

47

Ayesha

Labrador Retrieverc

F

15

Spring

48

Ayesha

Labrador Retrieverc

F

15

Spring

Yes

49

Foxy

German Shepherd

M

16

Spring

Yes

50

Foxy

German Shepherd

M

16

Spring

51

Foxy

German Shepherd

M

16

Spring

Yes

52

Foxy

German Shepherd

F

16

Spring

Yes

53

Foxy

German Shepherd

F

16

Spring

No

54

Foxy

German Shepherd

F

16

Spring

55

Foxy

German Shepherd

F

16

Spring

Yes

56

Toffee

Labrador Retriever

M

15

Spring

No

57

Toffee

Labrador Retriever

M

15

Spring

Yes
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No

Yes

58

Toffee

Labrador Retriever

F

15

Spring

Yes

59

Toffee

Labrador Retriever

F

15

Spring

No

60

Toffee

Labrador Retriever

F

15

Spring

No

61

Carey

Labrador Retriever

M

15

Spring

Yes

62

Carey

Labrador Retriever

M

15

Spring

63

Carey

Labrador Retriever

M

15

Spring

64

Carey

Labrador Retriever

F

15

Spring

Yes

65

Carey

Labrador Retriever

F

15

Spring

No

66

Carey

Labrador Retriever

F

15

Spring

Yes

67

Carey

Labrador Retriever

F

16

Spring

No

68

Aura

German Shepherd

M

15

Spring

Yes

69

Aura

German Shepherd

M

15

Spring

Yes

70

Aura

German Shepherd

M

15

Spring

Yes

71

Aura

German Shepherd

M

15

Spring

No

72

Aura

German Shepherd

F

15

Spring

Yes

73

Naomi

Labrador Retrieverc

M

15

Spring

Yes

74

Naomi

Labrador Retrieverc

M

16

Spring

Yes

75

Naomi

Labrador Retrieverc

M

16

Spring

Yes

76

Naomi

Labrador Retrieverc

M

14

Spring

77

Naomi

Labrador Retrieverc

M

15

Spring

Yes

78

Naomi

Labrador Retrieverc

F

16

Spring

Yes

79

Omega

Golden Retriever

M

16

Spring

Yes

80

Omega

Golden Retriever

M

15

Spring

Yes

81

Omega

Golden Retriever

F

15

Spring

Yes

82

Omega

Golden Retriever

F

15

Spring

No

83

Omega

Golden Retriever

F

16

Spring

Yes

84

Omega

Golden Retriever

F

15

Spring

Yes

85

Omega

Golden Retriever

F

15

Spring

Yes

86

Lea

German Shepherd

M

15

Spring

Yes

87

Lea

German Shepherd

M

15

Spring

No
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88

Lea

German Shepherd

F

14

Spring

No

89

Lea

German Shepherd

F

15

Spring

No

90

Lea

German Shepherd

F

14

Spring

Yes

91

Lea

German Shepherd

F

15

Spring

Yes

92

Leah

German Shepherd

M

15

Spring

93

Leah

German Shepherd

M

15

Spring

No

94

Leah

German Shepherd

M

15

Spring

No

95

Leah

German Shepherd

F

15

Spring

96

Leah

German Shepherd

F

15

Spring

97

Paris

German Shepherd

M

14

Spring

98

Paris

German Shepherd

F

14

Spring

No

99

Paris

German Shepherd

F

14

Spring

Yes

100

Elise

German Shepherd

M

15

Spring

Yes

101

Elise

German Shepherd

M

15

Spring

Yes

102

Elise

German Shepherd

M

15

Spring

No

103

Elise

German Shepherd

M

16

Spring

Yes

104

Elise

German Shepherd

F

15

Spring

Yes

105

Elise

German Shepherd

F

15

Spring

106

Elise

German Shepherd

F

15

Spring

Yes

107

Elise

German Shepherd

F

15

Spring

Yes

108

Elise

German Shepherd

F

15

Spring

Yes

109

Xyris

Labrador Retriever

M

14

Spring

No

110

Xyris

Labrador Retriever

M

14

Spring

111

Xyris

Labrador Retriever

M

14

Spring

Yes

112

Xyris

Labrador Retriever

M

14

Spring

Yes

113

Xyris

Labrador Retriever

F

14

Spring

Yes

114

Xyris

Labrador Retriever

F

14

Spring

No

115

Xyris

Labrador Retriever

F

14

Spring

Yes

116

Lisa

German Shepherd

M

15

Spring

Yes

117

Lisa

German Shepherd

M

15

Spring
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Yes

118

Lisa

German Shepherd

F

15

Spring

Yes

119 Lisa
German Shepherd
F
15
Spring
No
a
These dogs are Labrador-Golden Crosses. Their mothers were 100% Labrador and their sires were 100%
Golden Retriever. These dogs are classified as Labrador Retrievers in all analyses.
b
These dogs are Labrador-Golden Crosses. Their mothers were 100% Golden and their sires were 100%
Labrador Retriever. These dogs are classified as Golden Retrievers in all analyses.
c
These dogs are Labrador-Golden Crosses x 3, meaning their mothers were 75% Labrador Retriever-25%
Golden Retriever and their sires were 100% Labrador Retrievers, making them 87.5% Labrador Retriever12.5% Golden Retriever. These dogs are classified as Labrador Retrievers in all analyses.
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Table S2. Descriptive statistics for performance on young adult testing.
Task
Variable
Mean
Isolation
Proximity to exit
57.7 s
Isolation
Vocal
7.7 s
Isolation
Mobile
103.0 s
Distraction
Toy contact
3.6 toys
Sustained attention
Trial 1
49.7 s
Memory problem solving
Solve
68.2 s
Memory problem solving
Correct
3.8 wells
Memory problem solving
Persist
80.1 s
Multistep problem solving
Solve
59.5 s
Multistep problem solving
Persist
79.0 s
Multistep problem solving
Gaze
5.9 s
Detour
Trial 2
13.3 s
Detour
Trial 3
12.2 s
Detour
Score
2.8 trials
Greeting
Interact
33.7 s
Retrieval
Score
7.39
Novel object
Latency to vocalize
80.1 s
Umbrella-opening
Reaction
2.5
Umbrella-opening
Approach
1.3
Umbrella-opening
Contact
9.5 s
n = 119 dogs

Mode
44.0 s
0.0 s
120.0 s
3 toys
120.0 s
120.0 s
4.0 wells
97 s
120.0 s
98.0 s
0.0 s
4.0 s
5.0 s
3.0 trials
39.0 s
10.0
120.0 s
3.0
1.0
4.0 s
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SD
15.6 s
14.9 s
18.2 s
1.1 toys
36.3 s
32.2 s
0.7 wells
19.7 s
47.1 s
21.9 s
10.9 s
21.5 s
15.0 s
0.5 trials
8.0 s
2.6
37.0 s
1.1
0.7
7.3 s

Range
22.0-95.0 s
0.0-80.0 s
33.0-120.0 s
1.0-5.5 toys
0.0-120.0 s
16.0-120.0 s
1.0-4.0 wells
10.0-100.0 s
3.0-120.0 s
0.0-100.0 s
0.0-56.0 s
3.0-120.0 s
3.0-120.0 s
0.0-3.0 trials
6.0-44.0 s
2.0-10.0
4.0-120.0 s
1.0-4.0
1.0-4.0
0.0-35.0 s

Table S3. Descriptive statistics for four C-BARQ dimensions and one Dog-ADHD RS dimension, measured by puppy raiser ratings.
Questionnaire

Item

C-BARQ

Excitabilityb

C-BARQ

Nonsocial Fear

C-BARQ

Trainabilityb

C-BARQ

c

Separation-related behavior

b

Dog-ADHD RS
Activity-Impulsivityd
a
Higher scores are associated with higher levels of each trait.
b
n = 114 dogs
c
n = 112 dogs
d
n = 105 dogs
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Meana

Mode

SD

Range

1.57

2.00

0.71

0.00-4.00

0.31

0.00

0.32

0.00-1.50

2.90

2.88

0.43

1.71-3.75

0.31

0.00

0.38

0.00-1.75

0.69

0.57

0.43

0.00-2.57

APPENDIX A: C-BARQ(101) scoring method
The C-BARQ provides a set of quantitative scores for the following fourteen different
subscales or categories of behavior:
1. Stranger-directed aggression: Dog shows threatening or aggressive responses to
strangers approaching or invading the dog’s or owner’s personal space, territory,
or home range.
2. Owner-directed aggression: Dog shows threatening or aggressive responses to
the owner or other members of the household when challenged, manhandled,
stared at, stepped over, or when approached while in possession of food or
objects.
3. Dog-directed aggression: Dog shows threatening or aggressive responses when
approached directly by unfamiliar dogs.
4. Stranger-directed fear: Dog shows fearful or wary responses when approached
directly by strangers.
5. Nonsocial fear: Dog shows fearful or wary responses to sudden or loud noises,
traffic, and unfamiliar objects and situations.
6. Dog-directed fear: Dog shows fearful or wary responses when approached
directly by unfamiliar dogs.
7. Separation-related behavior: Dog vocalizes and/or is destructive when separated
from the owner, often accompanied or preceded by behavioral and autonomic
signs of anxiety including restlessness, loss of appetite, trembling, and excessive
salivation.
8. Attachment and attention-seeking: Dog maintains close proximity to the owner
or other members of the household, solicits affection or attention, and displays
agitation when the owner gives attention to third parties.
9. Trainability: Dog shows willingness to attend to the owner, obeys simple
commands, learns quickly, fetches objects, responds positively to correction, and
ignores distracting stimuli.
10. Chasing: Dog chases cats, birds, and/or other small animals, given the
opportunity.
11. Excitability: Dog displays strong reaction to potentially exciting or arousing
events, such as going for walks or car trips, doorbells, arrival of visitors, and the
owner arriving home; has difficulty settling down after such events.
12. Touch sensitivity: Dog shows fearful or wary responses to potentially painful
procedures, including bathing, grooming, nail-clipping, and veterinary
examinations.
13. Energy level: Dog is energetic, “always on the go”, and/or playful.
14. Dog rivalry: Dog shows aggressive or threatening responses to other familiar
dogs in the household.
In addition, the C-BARQ provides useful information on the occurrence of a further 22
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miscellaneous behavior problems ranging from coprophagia to stereotypic spinning/tailchasing.
Each subscale is represented by a number of 5-point scales (questions). Some are
graduated scales that measure severity of particular behaviors (e.g. aggression) and are
numbered from 0–4 in the questionnaire. The remainder are frequency scales which
should be scored as: Never = 0, Seldom = 1, Sometimes = 2, Usually = 3 and Always = 4,
except for scales 5, 6 and 7 in Section 1. FOR THESE SCALES ONLY, reverse the
scores to: Never = 4, Seldom = 3, etc.

To calculate behavior subscale scores, use the following formulae:
“Excitability” score = (items 63 + 64 + 65 + 66 + 67 + 68)/6

“Nonsocial fear” score = (items 38 + 41 + 42 + 44 + 47 + 48)/6

“Trainability” score = (items 1 + 2 + 3 + 4 + 5 + 6 + 7 + 8)/8—remember to reverse
scoring order for items 5, 6 & 7 (see above).

“Separation-related problems” score = (items 55 + 56 + 57 + 58 + 59 + 60 + 61 + 62)/8
Items 1–77 & 92–93 cannot be removed from the questionnaire without potentially
reducing the reliability and/or validity of one or other of the behavior subscales. Other
“Miscellaneous” items are optional, and can be removed from the questionnaire as
desired. If retained, they should be scored individually, 0–4.

NB: This version of the C-BARQ has been modified since Hsu & Serpell
(2003) to improve the reliability of some existing factors, and to include new
“Dog rivalry (familiar dog aggression)” and “Energy” factors. The subscales
“Dog rivalry”, “Chasing”, “Touch sensitivity”, “Trainability”, “Energy” and
“Excitability” have not been formally validated, although they have been
shown to have predictive validity in long-term studies of guide dogs (Duffy &
Serpell, 2008).
 James A. Serpell
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APPENDIX B: modified Dog-ADHD rating scale
Your puppy is one of a small cohort of 133 puppies that TSE has been following since
birth to help us answer important questions about puppy development. Please answer the
following survey questions about your puppy to the best of your ability. It should take
you no more than 10-15 minutes. Try to be as accurate as you can—there are no wrong
answers, we just want a true picture of how your pup acts on a day-to-day basis. Thanks
so much for your help!
What is your puppy’s name? _____________________________________________
What is the name of your family representative [e.g., Jane Doe]? ________________
What is today’s date? ____________________________________________________
Please indicate how often the below statements are true for the puppy you are raising by
choosing from the given options. Remember, there are no wrong answers; we are just
looking for a description of your pup's behavior that is as accurate as possible.
1) (S)he has a difficult time learning because other things can easily distract his/her
attention.
Never (0)
Sometimes (1)
Often (2)
Very often (3)
2) It’s easy to attract his/her attention, but (s)he loses interest soon.
Never (0)
Sometimes (1)
Often (2)
Very often (3)
3) It’s difficult for him/her to concentrate on a task or play.
Never (0)
Sometimes (1)
Often (2)
Very often (3)
4) (S)he is quick to break his/her ‘rest’ command.
Never (0)
Sometimes (1)
Often (2)
Very often (3)
5) (S)he cannot be quiet and cannot be easily calmed.
Never (0)
Sometimes (1)
Often (2)
Very often (3)
6) (S)he fidgets all the time.
Never (0)
Sometimes (1)
Often (2)
Very often (3)
7) It seems that (s)he doesn’t listen even if (s)he knows that someone is speaking to
him/her.
Never (0)
Sometimes (1)
Often (2)
Very often (3)
8) (S)he is difficult to control – if (s)he lunges, it is hard to hold him/her back.
Never (0)
Sometimes (1)
Often (2)
Very often (3)
9) If given the chance, (s)he would always play and run.
Never (0)
Sometimes (1)
Often (2)
Very often (3)
10) (S)he follows simple commands easily, such as ‘sit’, but (s)he often has
difficulties with more complicated commands, such as ‘go to your place,’ even if
(s)he knows them and has practiced them often.
Never (0)
Sometimes (1)
Often (2)
Very often (3)
11) (S)he is likely to react hastily, which is why (s)he fails tasks.
Never (0)
Sometimes (1)
Often (2)
Very often (3)
12) His/her attention can be easily distracted.
Never (0)
Sometimes (1)
Often (2)
Very often (3)
13) (S)he cannot wait, as in (s)he has no self-control.
Never (0)
Sometimes (1)
Often (2)
Very often (3)
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